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Introduction 

It was shown in a previous report (2) 
that plants of soybean (vars. Manchu 
no. 3 and Biloxi) exhibited a diminished 
requirement for boron when grown in a 
short-day environment. Plants grown in 
a boron-deficient culture medium and 
maintained in the vegetative state by a 
lengthened photoperiod showed morpho- 
logical and anatomical abnormalities. In 
short photoperiods which induced blos- 
som formation, however, the plants made 
essentially normal growth. It was found 
that the boron content of the tissues of 
plants grown in short day with and with- 
out boron was essentially identical. This 
limited manifestation of boron-deficiency 
symptoms in a short photoperiod has 
also been reported by SKoK (4) and by 
WARINGTON (8). 

The purpose of the following experi- 
ments was to investigate further this con- 
dition with species that respond to pho- 
toperiod and with those that are day- 
neutral. The effects of relatively short 
induction periods on the response to 
boron deprivation were also investigated. 


Material and methods 

The following species of plants were 
used: cocklebur (Xanthium echinatum 
Murr.), buckwheat (Fagopyrum esculen- 
lum Gaertn.), sunflower (Helianthus an- 
nuus L.), tomato (Lycopersicon esculen- 
lum Mill., var. John Baer), and soybean 
(Glycine max Merr., vars. Biloxi and 
Pagoda). They were grown under condi- 

t Published with the approval of the Director of 
the Wisconsin Agricultural Experiment Station. 
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tions similar to those previously de- 
scribed (2). Seeds were germinated in 
either soil or silica sand, and seedlings 
were transferred to washed silica sand in 
varnished 10-inch clay pots. Approxi- 
mately 500 ml. of the following nutrient 
solution were added on alternate days. 


K,HPO, 
KH,PO, 
CaSO, 
Cal... 
MgSO, 
NH,NO, 


o.0012 Molar 
oo18 
.0021 
.OOLO 


.  .0021 
. 0.0063 


Minor elements and iron were supplied 
at the levels recommended by HOAGLAND 
and ARNON (1). Pots were leached at 
weekly intervals to remove unbalanced 
solution. 

The following greenhouse conditions 
were maintained. During the winter 
months the light intensity rarely ex- 
ceeded 750 foot-candles. Short photo- 
period was obtained by using manually 
operated screens. Incandescent light 
bulbs of 40-watt capacity were used to 
extend the photoperiod from near sunset 
to midnight, providing daylengths of ap- 
proximately 9 and 16 hours, respectively. 

The sampling and analytical proce- 
dures have been previously described 
(2, 3). Samples for microscopic examina- 
tion were taken at the fourth internode 
from the apex. A formalin-aceto-alcohol 
fixative was used; the fixed samples were 
dehydrated in n-butanol and imbedded 
in paraffin. Stem samples cut 124 in 
thickness were stained with iron-alum- 
hematoxylin and safranin. 
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Observations 
EXPERIMENT I.—Young seedlings of 
tomato, buckwheat, sunflower, and cock- 
lebur were transplanted from soil or sand 
to washed sand. Cocklebur and tomato 
plants were transferred to both short and 
long photoperiods on February 23, 1946; 
buckwheat and sunflower on March 2, 
1946. In both daylengths, reduction in 
growth rate in minus-boron cultures was 
apparent after 12 days for tomato and 5 
days for sunflower. No external differ- 
ences were apparent in buckwheat or 
cocklebur at this time. By March 19, 
severe symptoms of boron deficiency had 
appeared in all tomato and sunflower 
plants without boron, regardless of pho- 
toperiod. Buckwheat plants deprived of 
boron were smaller than the controls, but 
no external symptoms of deficiency were 
evident; they were in fruit regardless of 
daylength or boron supply. Cocklebur 
plants grown on short photoperiod were 
fruiting. Symptoms of boron deficiency 
could not be noted in plants on short day 
except for slightly reduced growth, but 
on long photoperiods the vegetative 
plants were showing typical symptoms of 
deficiency, such as death of the stem tip, 
abnormal development of leaf and root, 
and fragility of petioles. All these ex- 
ternal symptoms of pathology were lack- 
ing in cocklebur plants on short photo- 
period. These relative conditions were 
essentially the same at the time of final 
harvest on April 8, 1946. By this time, 
tomato and sunflower showed severe 
symptoms of boron deficiency in both 
daylengths. Plants of buckwheat without 
adequate boron were small in size but 
otherwise appeared normal. Seeds were 
produced in both photoperiods, with and 
without boron. Cocklebur grown without 
boron continued to exhibit normal growth 
and development in Short days and se- 
vere symptoms of deficiency in long 
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days. Data on the dry weight of plants, 
percentage of dry matter, top-root ratio, 
ash, and boron contentare given in table 1, 

Cocklebur is strongly sensitive to pho- 
toperiod, remaining vegetative in day- 
lengths of 16 hours. The fourth internode 
from the stem tip of these plants grown 
with adequate boron showed the anatom- 
ical characteristics of a vegetative stem, 
such as an active cambium, the differen- 
tiation of vascular tissue, and relatively 
thin-walled cells (5) (fig. 1). Vegetative 
plants deprived of boron developed a 
pathological structure in that the fourth 
internode of plants exposed to 24 long 
days was distinctly abnormal; after 44 
days of such treatment the abnormali- 
ties were much more pronounced. Some 
of the cells in the cambial region of the 
abnormal stems were enlarging radially 
and others were proliferating (fig. 2). 
The latter is especially convincing from 
longitudinal sections in which the cells 
of the cambial region show prominent 
nuclei and have divided irregularly and 
without regard to plane of division (fig. 
5). Among the abnormal thin-walled 
parenchyma cells were rows of phloem 
and xylem differentiating from still func- 
tional cambial cells. The sieve tubes and 
companion cells did not appear normal, 
and the xylem elements formed were fre- 
quently of the sclariform and reticulate 
types. The ray cells of the interfascicular 
region enlarged radially. Proliferating 
cells were apparent in the cortex and 
pith, and, in the more severely affected 
areas, necrosis was evident. Necrosis was 
apparent principally in the vascular 
bundle (figs. 2, 6). These darkened ne- 
crotic regions were caused in part by col- 
lapsed cells resulting from disturbed 
growth of the enlarging cambial zone. 
The sieve tubes and companion cells and 
tracheal elements formed from the ab- 
normal cambium also seemed frequently 
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TABLE 1 


EXPERIMENT I. EFFECT OF PHOTOPERIOD ON GROWTH AND BORON CONTENT OI 
VARIOUS PLANTS SENSITIVE AND INSENSITIVE TO PHOTOPERIOD 


PLANT AND TREATMENT 


Sunflower, long+B 
Sunflower, long—B 
Sunflower, short +B 
Sunflower, short—B 


Buckwheat, long+B 
Buckwheat, long—B. . 
Buckwheat, short +B 
Buckwheat, short—B 


Tomato, long+B 
Tomato, long—B 
Tomato, short+B 
Tomato, short—B 


Cocklebur, long+B 
Cocklebur, long—B 
Cocklebur, short+B 
Cocklebur, short—B 


Sunflower, long+ B 
Sunflower, long—B 
Sunflower, short+B 
Sunflower, short—B 


Buckwheat, long +B 
Buckwheat, long—B 
Buckwheat, short +B 
Buckwheat, short—B 


Tomato, long+B 
Tomato, long—B 
Tomato, short +B 
Tomato, short—B 


Cocklebur, long+B 
Cocklebur, long—B 
Cocklebur, short +B 
Cocklebur, short—B 


| 
| 


TOTAL DRY 


Dry 
WEIGHT OF 
MATTER 
LEAF AND 
STEM (GM.) | 
0.98 6.2 
0.57 6.8 
0.92 5-5 
0.54 6.0 
0.25 4-5 
0.20 5.0 
©.40 | 0.3 
0.17 5.0 
2.60 9.° 
I.40 8.4 
1.85 5.9 
1.10 7-4 
2.20 8.6 
1.55 Q.4 
1.10 8.5 
1.05 8.9 
9.25 10.9 
2.10 7.5 
4.25 9.1 
1.10 8.4 
1.85 11.5 
0.55 11.0 
1.35 16.2 
0.55 12.5 
9.80 10.8 
iio y Py 
g.0o Q.I 
1.05 ee 
8.30 52.5 
2.20 11.9 
3.25 T1.4 
2.75 11.6 


LEAF AND 
STEM TISSUI 


Top/rRoot 
RATIO | 
Ash Boron 
p.p.m 
3-19-40 sampling 
2.1 
3.8 
5-7 
5:4 
3-7 24-5 go 
7.4 20.9 8 
3.7 25.4 118 
3-7 21.5 10 
4.8 £7.§ 110 
9.7 10.0 | 20 
8.4 18.9 | 12090 
| > 
z 21.2 8 
10.5 21.2 I 
5-8-46 sampling 
3-7 14.0 51 
4.0 22.9 ’) 
3-9 | 13.4 62 
2.8 ‘6.9 12 
6.1 11.6 45 
4.2 13.9 12 
6.7 13.3 41 
4.6 13.6 14 
4.9 14.1 69 
4.5 24.3 Q. 
g.3 16.6 58 
aa 28.0 9 
| 
2.5 10.9 | 30 
4.4 14.7 11 
5.2 14.5 Il5 
5.3 15.7 10 
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Fics. 1-11.—Figs. 1-4, cross sections of fourth internodes of cocklebur. Fig. 1, normal structure in 
vegetative plant grown with boron in long photoperiod. Fig. 2, abnormal structure in plant grown without 
boron in long photoperiod; cells of cambial region enlarged and increased in number; necrotic areas in region 
of secondary phloem. Fig. 3, normal structure in fruiting plant grown with boron and short photoperiod. 
lig. 4, slightly abnormal structure in plant grown without boron and in short photopericd; only two bundles 
in stem showed symptoms of boron deficiency. Figs. 5—7, longitudinal and cross sections of fourth internodes 
of cocklebur plants grown without boron in long photoperiod. Fig. 5, extent of cambial proliferation ap- 
parent; extensive necrosis and disorganization of vascular tissue; abnormal and crushed cells in pith. Fig. 6, 
enlargement of area in figure 5 showing detail of necrotic regions; part of necrosis result of collapsed and 
crushed cell walls. Fig. 7, incipient collapse of cell walls in xylem region; distortion and partial collapse of cell 
wall of xylem element result of increase in size and proliferation of adjoining cells. Figs. 8-11, cross sections 
of fourth internodes from tomato and sunflower plants. Fig. 8, normal structure in blossoming tomato grown 
with boron in long photoperiod. Fig. 9, abnormal structure in tomato grown without boron in long photo- 
period; proliferation of cells in cambial region and extensive necrosis. Fig. 10, normal structure of vegetative 
sunflower grown with boron in short photoperiod. Fig. 11, abnormal structure of sunflower grown without 
boron in short photoperiod; presence of abnormal! cambial cells, proliferation, and necrosis evident. 
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to be a part of this necrosis (fig. 7). 
WARINGTON (7) has observed this dark- 
ening in stems of carrot and has de- 
scribed it as the disintegration of the 
cambium. Some bundles of the abnormal 
stem showed more cellular disorganiza- 
tion than others. Cell division occurred 
frequently in the region of the perimedul- 
lary zone. Plants exposed to long days 
remained vegetative; the cambial zone in 
the stems was from six to eight cells 
wide, and these cells were the most sensi- 
tive to a minus-boron treatment. 

Cocklebur forms fruits in short days 
and acquires the characteristics of a 
fruiting stem (fig. 3). These characteris- 
tics were apparent after exposure to 24 
short days with boron; after 44 days the 
plants remained unchanged. Symptoms 
of boron deficiency were not apparent in 
the structure of the stems of plants ex- 
posed to 24 short days and grown with- 
out boron. Only two vascular bundles in 
the stems of plants given 44 short days 
without adequate boron gave indication 
of cellular abnormality. The cells of the 
cambial zone and the medullary ray had 
started to enlarge. Necrotic regions were 
not apparent (fig. 4). 

Tomato, sunflower, and buckwheat 
are day-neutral and do not make specific 
responses to photoperiod. Tomato grown 
with boron and exposed to short or long 
photoperiods for 44 days was in blossom 
and displayed a normal structure for a 
blossoming stem (fig. 8). Tomato plants 
grown without boron and exposed to 
short or long days showed extreme cellu- 
lar disorganization of the stem, the three 
main bundles being most severely af- 
fected. The structure of the stem was 
primarily the result of abnormal cambial 
activity, as has been described for cockle- 
bur. Cells of the cambial zone enlarged, 
and some of them proliferated. This re- 
sulted in a disrupted region of tissue, 
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some of which was crushed, thereby 
forming strands of necrotic areas. There 
also appeared to be some proliferation of 
the internal phloem. The cortex and pith 
remained normal at this stage (fig. 9). 

Sunflower had no macroscopic flowers 
at either sampling, and the plus-boron 
plants after 44 short days showed a 
vegetative anatomy in the stem (fig. 10). 
Symptoms of boron deficiency in the 
structure of the stem were similar in type 
to those previously described for cockle- 
bur and tomato. In this species, also, the 
cambium exhibited the same type of ab- 
normal cell extension and proliferation 
(fig. 11). The degree of severity was simi- 
lar in the plants grown without boron in 
both daylengths. 

Buckwheat is different from the other 
test plants in the extreme rapidity with 
which it comes to flower. By the twelfth 
day following transplanting, macroscopic 
flower buds had appeared. Plants grown 
with boron and exposed to 24 short days 
exhibited the type of stem anatomy char- 
acteristic of the fruiting plant (fig. 12). 
Plants grown without boron in short 
photoperiods showed no external abnor- 
malities other than restricted growth; no 
evidence of abnormality was observed in 
the anatomy of the stem after 44 short 
days (fig. 13). In long days the stems of 
plants grown with boron showed a less 
mature development of cells, indicative 
of a more recent cessation of cambial ac- 
tivity. The vascular elements had not 
fully matured, and thin-walled elements 
were still present (fig. 14). Plants grown 
in long photoperiods and in_boron- 
deficient cultures showed evidence of in- 
ternal abnormality, in that the cambial 
area was again the zone of cellular dis- 
organization. Some of the cells were en- 
larging and others were dividing, result- 
ing in a very distorted pattern of the 
vascular system (fig. 15). 











Fics. 12-20.—Figs. 12-15, cross sections of fourth internodes of buckwheat. Fig. 12, normal structure in 
flowering plant grown with boron in short photoperiod. Fig. 13, structure in flowering plant grown without 
boron in short photoperiod; typical flowering anatomy; no proliferation or necrosis apparent. Fig. 14, grown 
with boron in long photoperiod; plants in flower, but anatomical structure shows evidence of more recent 
cambial activity as compared with figure 12. Fig. 15, abnormal structure in plant grown without boron in long 
photoperiod; proliferation and disorganization of vascular tissue evident; necrosis also apparent. Figs. 16-20, 
cross sections of fourth internodes of cocklebur; some plants exposed to short and long days continuously; 
others given short-day induction periods of varying lengths and returned to long days. Fig. 16, grown without 
boron, given 4 days of induction and then transferred to long days; cellular disorganization and necrosis 
apparent. Fig. 17, grown confinuously in long days without boron; abnormal cambial activity and necrosis 
apparent. Fig. 18, grown without boron in short days. No evidence of cellular disorganization; normal fruiting 
anatomy. Fig. 19, grown with boron, given 10-day induction period, and returned to long days; normal struc- 
ture apparent. Fig. 20, grown without boron, given 10 short days, and returned to long days; no evidence 
of proliferation or other cellular disturbances. 
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[;XPERIMENT II.—This_ experiment 
was similar to experiment I, but only 
cocklebur and tomato were used as test 
plants. Cocklebur plants were placed in 
differential photoperiod on March 23, 
1940, and harvested approximately 8 
weeks later; tomato plants were trans- 
ferred June 5 and harvested 7 weeks 
later. Cocklebur plants grown in short 


was induced by exposure to a few short 
days rather than numerous short photo- 
periods was studied in cocklebur. Plants 
were transferred to both short and long 
photoperiods; one group was given an in- 
duction of 4 short days and then trans- 
ferred to the long-day environment. 
Boron-deficiency symptoms appeared 
shortly after the return of the induced 


TABLE 2 
EXPERIMENT II. EFFECT OF PHOTOPERIOD ON GROWTH AND BORON CONTENT 
OF NORMAL AND BORON-DEFICIENT TOMATO AND COCKLEBUR PLANTS 


| WEIGHT OF 


PLANT AND TREATMENT | LEAF AND 

STEM 

GM.) 
Cocklebur, long+B 16.75 
Cocklebur, long—B 9.65 
Cocklebur, short+B 13.55 
Cocklebur, short— B 7.80 


Tomato, long+B 10.60 | 
Tomato, long—B 3.60 | 
Tomato, short +B 11.40 | 
Tomato, short—B 3.20 


day without boron made essentially nor- 
mal growth, although the number of 
flower buds was limited and the plants 
were distinctly smaller than the plus- 
boron controls. In long photoperiod, 
however, severe deficiency symptoms de- 
veloped in the absence of boron. The 
symptoms of deficiency in tomato were 
similar in short and long days. Histologi- 
cal findings for cocklebur and tomato 
were the same as those noted in experi- 
ment I. Data on the weights of the 
plants, etc., are presented in table 2. 
EXPERIMENT III.—The effect on the 
boron requirement when floral initiation 


| | 
TOTAL DRY | 

| 

| 


LEAF AND 
STEM TISSUE 
Dry ; 
lop/Root 
MATTER 
: RATIO 
; Ash Boron 
(¢ p.p.m 
»- 46 sampling 
14.6 3.0 13.2 71.0 
14.1 3.4 13.0 18.8 
13.9 5-4 12.4 39.6 
12.1 6.2 15.1 20.0 
7-24-46 sampling 
10.0 | 4.5 11.4 66.4 
12.6 | am 28.4 12.8 
10.5 3.0 14.9 73-7 
9.6 6.4 29.1 14.6 


minus-boron plants to long photoperiods. 
Ten days after the induction period, the 
first blossom buds had become apparent 
in the induced plants receiving adequate 
boron. As is usually the case, however, 
with plants exposed to such short induc- 
tion periods, the plants continued to 
grow, and blossom development was 
slow. Symptoms of boron deficiency were 
present both in those plants given an in- 
duction period of 4 short days and in 
those grown continually in long days in 
the absence of this element. The plants 
receiving the 4-day induction were some- 
what larger than those kept continuously 
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in short days. The internal structure of 
the stems of induced plants grown with- 
out boron showed severe disturbance in 
the cambial region. As previously de- 
scribed for cocklebur, some of the cam- 
bial cells ceased differentiation and be- 
came enlarged; others continued to di- 
vide, but the derivatives did not differen- 
tiate into phloem elements and remained 
as meristematic or parenchymatous cells. 
The ray cells also showed this phenome- 
non. Advanced stages of necrosis weré 
also evident (fig. 16). The plants grown 
without boron in long days continuously 
showed the same type of disorganization 
of the cells as those given 4 short days 
(fig. 17). 

Since the 4-day induction period did 
not prevent the development of boron- 
deficiency symptoms, a second test of the 
effect of induction on the expression of 
such symptoms was made. Cocklebur 
plants were grown with adequate boron. 
After 1 week half of the pots were thor- 
oughly leached, and a minus-boron solu- 
tion was supplied. One set of plants was 
given an induction period of 10 long 
nights, after which they were transferred 
to long days. Other groups were main- 
tained continuously in long or short pho- 
toperiods. Those plants receiving 10 days 
of induction showed macroscopic flower 
buds 14 days after the beginning of the 
induction period. At the time of harvest, 
3 weeks later, those plants receiving ade- 
quate boron and continuously on long 
photoperiod were normal vegetative 
plants; those plants deprived of boron on 
long days showed severe symptoms of 
deficiency. Complete necrosis of the 
apical meristem, malformation of leaf 
tissue, and fragility of the upper leaves 
and petioles were striking evidence of the 
lack of this element. In addition, a 
marked thickening of the stem in the re- 
gion of the third and fourth internode 


[MARCH 


was noted. Plants given a to-day induc- 
tion period while receiving adequate 
boron were normal fruiting plants; 
minus-boron cultures had aborting blos- 
soms and slight symptoms of deficiency. 
These symptoms were far less severe, 
however, than in those plants maintained 
in the vegetative state by continuous ex- 
posure to long days. Plants grown con- 
tinuously in short day were fruiting 
without regard to the presence or absence 
of boron; minus-boron plants were show- 
ing restricted rates of growth. Data on 
the dry weights of plant parts, etc., are 
presented in table 3. 

Histological examination of cocklebur 
plants grown in short days with and 
without boron showed a typical fruiting 
stem and no abnormalities with the ab- 
sence of boron (fig. 18). Plants receiving 
the 10-day induction period with boron 
had the normal anatomy of a fruiting 
stem (fig. 19). Induced plants without 
boron were essentially similar. There was 
some evidence of incipient disorganiza- 
tion in the cortex, but the vascular tissue 
appeared normal, with no abnormal cam- 
bial activity (fig. 20). Those plants main- 
tained in long photoperiod continuously 
and, having no boron, exhibited the usual 
abnormalities, including the enlargement 
of cells of the cambial region (fig. 20); 
those grown with adequate boron showed 
the vegetative type of stem anatomy. 

[;XPERIMENT IV.—In order to com- 
pare more directly the relation of flower- 
ing and the compensatory effect of short- 
ened photoperiod with boron require- 
ment, an additional test was made using 
two varieties of soybean, one a short-day 
type and the other day-neutral. One 
variety, Biloxi, remains vegetative in 
long photoperiod; the other, Pagoda, is 
insensitive to photoperiod, producing 
fruits over a wide range of daylengths. 
Week-old seedlings were transferred to 
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differential daylengths. Twenty-five days 
later, plants of Biloxi grown in long days 
and without boron showed typical signs 
of boron deprivation. These became pro- 
gressively more severe. All other cultures 
remained without obvious outward symp- 
toms until the time of harvest, 60 days 
after the start of the treatment. The 
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essential difference in the anatomical 
structure of plus-boron plants and those 
deprived of boron (figs. 22, 23, 24, 25). 
Biloxi, on the other hand, showed a 
slight indication of abnormality in short 
days without boron. Proliferation of cells 
in the cambial zone appeared to have oc- 
curred, but there was no evidence of 


TABLE 3 


EXPERIMENT III. EFFECT OF PHOTOPERI 
CONTENT OF NORMAL AND BORG 


| 


ODIC INDUCTION ON GROWTH AND BORON 
JN-DEFICIENT COCKLEBUR PLANTS 








on } LEAF AND 
TOTAL DRY ~ 
| STEM TISSUE 
| WEIGHT OF Dry ‘ 
| Top/Rroot 
PLANT AND TREATMENT | LEAF AND MATTER 
| wens (e%) RATIO 
s | 
(om.) . Ash Boron 
} GM. 
| | (%) | (p.p.m.) 
| | 
5-6-46 sampling 
. ° | 
Continuous long+B 13.95 | 10.9 23 13.9 86.4 
Continuous long—B. ee a ee 4.0 11.1 23.0 
| 
10-day induction+B | 14.30 | 11.6 5-7 8 85.6 
10-day induction — B 12.50 | 12.0 | .4 12.4 25.0 
Continuous short+B. 11.65 12.4 ¢.1 13-9 | 66.0 
Continuous short — B 7.80 | 10.4 | 4.1 14.9 | 26.3 
| | 
5-15-46 sampling 
Continuous long+B 29.35 14-4 3.9 11.3 68.1 
Continuous long—B 14.00 16.7 4.3 13.0 19.1 
4-day induction+ B 31.15 15.1 4.3 10.5 72.5 
4-day induction—B 20.60 | 16.5 5.0 12.8 21.1 


Pagoda variety grown without adequate 
boron was reduced in size, but the ap- 
pearance of leaves, stems, fruits, and 
roots was not dissimilar to that of plants 
receiving adequate quantities of this ele- 


necrosis or other serious abnormalities 
(fig. 27). Plants grown on short days with 
boron showed the anatomical structure 
typical of a fruiting stem (fig. 26). In 
long days, Biloxi retained a stem struc- 





ment. Data on tissue weights, etc., are 
given in table 4. 

Histological examination of the fourth 
internode gave findings closely correlated 
with the above. Pagoda exhibited the 
anatomical features typical of fruiting 
stems under all treatments. There was no 


ture indicative of its vegetative condition 
(fig. 28), while in Pagoda, which was 
fruiting, cambial activity had ceased, 
and there was a general thickening of the 
cell walls (fig. 24). In accordance with 
previous findings in Biloxi (2), boron dep- 
rivation on long photoperiod resulted in 
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proliferation in the cambial zone with 
accompanying necrosis, particularly in 
the secondary phloem (fig. 29). 


Discussion 


The results obtained in these and 
previous experiments indicate that ab- 
normal cambial activity is a common 
characteristic of boron deficiency in the 
plants studied. Correlation of anatomical 
observations with external morphology 


buckwheat, and soybean—in which the 
cambium becomes inactive at an early 
stage, the symptoms of boron deficiency 
are repressed or absent. Photoperiodic 
induction of flowering, resulting in the 
maturation of the cambium, leads to lim- 
ited external and internal pathology in 
Biloxi soybean and cocklebur deprived 
of boron. When photoperiodic induction 
is insufficient to halt cambial activity, 
symptoms of boron deficiency appear. 


TABLE 4 
EXPERIMENT IV. EFFECT OF PHOTOPERIOD ON GROWTH AND BORON CONTENT OF 
SENSITIVE AND INSENSITIVE SOYBEAN PLANTS WITH 
AND WITHOUT ADEQUATE BORON 


TOTAL pry | 


WEIGHT OF 
PLANT AND TREATMENT LEAF AND 

STEM 

(GM.) 
Pagoda, long+B.... 13.85 
Pagoda, long—B. 8.90 
Pagoda, short+B.... 8.90 
Pagoda, short—B 7.70 
Biloxi, long +B 12.50 
Biloxi, long—B ee 6.60 
Biloxi, short+B 10.75 
Biloxi, short—B 8.15 


reveals that internal abnormalities are 
apparent when external symptoms only 
are slightly evident and sometimes lack- 
ing. Most previous investigators of the 
histopathology of boron deficiency have 
noted, but not adequately emphasized, 
this abnormal growth and proliferation 
in the cambial zone. The specific lesions 
resulting from collapsing cells are usually 
emphasized, while the abnormal cambial 
activity producing them has received 
scant attention. WALKER (6), however, 
recognized the significance of this activ- 
ity and attributed to it many of the ex- 
ternal symptoms of deficiency. 

In those plants—such as cocklebur, 


} LEAF AND 
Dry Bio STEM TISSUE 
1 Top/root 
MATTER si 
Ash | Boron 
(%) | (p.p.m.) 
24.5 10.0 7a 46.5 
25.6 8.9 7.6 10.7 
24.6 9-9 9.8 58.6 
25.6 g.1 g.1 13.8 
24.7 3.1 7-3 | 54.6 
23.4 4.4 10.5 11.0 
19.7 3.9 9.3 50.3 
19.8 5.8 10.9 | LE 


When longer periods of induction are em- 
ployed, the cambium becomes less active 
and symptoms of boron deficiency are 
not apparent. Soybean var. Pagoda and 
buckwheat fall into a group which initi- 
ates floral primordia very early in devel- 
opment. In these species absence of 
boron restricts the absolute amount of 
growth, but the typical pathology usual- 
ly associated with boron deficiency is 
reduced in intensity or absent. 

That an increased boron content in the 
tissue is not the cause of this diminution 
in symptomology can be concluded from 
the data on boron content of the tissue. 
In each case plants showing symptoms of 
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Fics. 21-29.—Fig. 21, cross section of stem of cocklebur grown without boron continuously in long days; 
extensive proliferation of cambial region and necrosis apparent. Figs. 22-25, cross sections of fourth inter 
nodes of fruiting soybean, var. Pagoda. Fig. 22, grown with boron in short days; almost complete cessation of 
cambial activity. Fig. 23, grown without boron in short photoperiod; structure of stem normal with no indica 
tion of abnormal cambial activity. Fig. 24, grown with boron in long days; anatomical structure typical of 
fruiting stem. Fig. 25, grown without boron in long photoperiod; stem shows fruiting anatomy and no cellular 
abnormalities. Figs. 26-29, cross sections of fourth internodes of soybean, var. Biloxi, which flowers only in 
short days. Fig. 26, grown with boron in short days; stem shows flowering structure. Fig. 27, grown without 
boron in short photoperiod; slight proliferation of cells in vascular region apparent; no indication of necrosis. 
Fig. 28, grown with boron in long photoperiod; active cambium typical of vegetative stem. Fig. 29, grown 
without boron in long days. Anatomical structure typical of vegetative stem with boron-deficiency symptoms 
apparent; proliferation and enlargement of cells in cambial region; some evidence of necrosis in region of 
phloem 
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deficiency and those without symptoms 
have the same amount of boron. The 
boron content of plants grown in long 
days without boron, which show severe 
deficiency symptoms, is not different 
from that in plants grown in short days 
without boron which show no symptoms. 
This is in accordance with previous ob- 
servations on Biloxi and Manchu soy- 
beans. 
Summary 

1. The reduction of intensity of boron- 
deficiency symptoms, associated with 
blossoming induced by short photoperi- 
od, has been confirmed and extended. 

2. Cocklebur plants grown without 
boron and exposed to short days fruited 
and showed no deficiency symptoms. 
Plants grown in long days without boron 
remained vegetative and soon displayed 
both external and internal signs of boron 
deficiency. This diminution of symptoms 
in short days was not the result of an 
increased boron absorption. 

3. Continuous exposure to short days 
is not required for floral initiation in 
cocklebur, provided an induction period 
of suitable length is given the plants. 
Plants grown without boron and given 4 
short days, after which they were ex- 
posed to long days, showed severe symp- 
toms of boron deficiency ; however, plants 
given an induction period of to short 
days and then returned to long days gave 
no evidence of boron deficiency. 

4. Cocklebur plants exposed to 10 
short days displayed reduced cambial ac- 
tivity which was associated with flower- 
ing. Boron deprivation in the stem caused 
tissue disorganization resulting from ab- 
normal activity of the cambium; the 
cambium in the plants given to short 
days became less active, so that, after 
return to long days, proliferation and en- 
largement of cells in the cambial zone, 
resulting from minus-boron treatment, 
did not occur. 
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5. Tomato, sunflower, and buckwheat 
are day-neutral plants. With the excep- 
tion of buckwheat, these plants flower 
after a considerably greater length of 
time than cocklebur. Plants of tomato 
and sunflower grown without boron and 
regardless of length of day showed strik- 
ing symptoms of boron deprivation. The 
external symptoms included the typical 
death of the stem tip, abnormal develop- 
ment of leaves and roots, and fragility of 
the petioles. The internal structure of the 
stem was similar to cocklebur in that ab- 
normal cambial activity occurred, re- 
sulting in proliferation and enlargement 
of cells. In plants showing severe symp- 
toms of boron deficiency, necrotic areas 
were conspicuous. Buckwheat flowered at 
an early stage. In short days cambial ac- 
tivity ceased sooner than it did in long 
days. Symptoms of boron deficiency were 
not apparent in short days, even in those 
plants grown without boron. In long 
days, however, maturation of tissues was 
less rapid, and slight symptoms of boron 
deficiency were apparent in plants grown 
without this element. 

6. Soybean var. Biloxi is a short-day 
plant and resembles cocklebur in its re- 
sponse to boron deprivation. This variety 
fruited in short days and showed no 
symptoms when grown without boron. 
In long days, however, severe symptoms 
in minus-boron cultures were apparent. 
Pagoda soybean fruited at an early stage 
in both short and long days; deficiency 
symptoms were not evident in the minus- 
boron cultures on either photoperiod. 

7. It is suggested that the decrease in 
cambial activity associated with early 
floral induction or photoperiodic induc- 
tion causes a reduction in the severity of 
boron-deficiency symptoms. 

DEPARTMENT OF HORTICULTURE 
AND 
DEPARTMENT OF BIOCHEMISTRY 
UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 
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A STUDY OF THE ANEMOPHILOUS PLANTS OF PUERTO RICO 


EDWARD P. CLAUS 


Introduction 

Although the flora of Puerto Rico, the 
largest Caribbean island possession of 
the United States, has been studied thor- 
oughly (2, 4, 11, 13, 23, 24, 47), the aller- 
genic plants have been neglected. There 
are no publications of allergy clinics such 
as those in the United States, Mexico, 
Brazil, and Argentina. The St. Luke’s 
Memorial Hospital in the city of Ponce 
maintains the only allergy clinic in 
Puerto Rico known to the writer. 

During a year’s residency in 1944-45 
the writer saw many persons suffering 
from asthma, sinusitis, and other allergic 
symptoms. More recently, in an effort to 
ascertain whether wind-borne pollen 
grains were abundant in the atmosphere, 
he sent filmed slides to the island. These 
were exposed" in the manner described 
by WopEHousE (53). Microscopic ex- 
aminations of these slides have revealed 
the presence of pollen grains, mold 
spores, ticks, starch grains, and other 
aerobiological matter. There were rela- 
tively more pollen grains than mold 

‘Exposed by Mr. EstEBAN NUNEZ MELENDEZ, 


instructor in pharmacy, University of Puerto Rico 
College of Pharmacy. 


spores in the atmosphere of the city of 
Rio Piedras during the period February 
8-17, 1946. This disagrees with the com- 
ments on allergy in Puerto Rico by 
WobEHOUSE (54). A daily pollen count 
at various locations on the island should 
be undertaken for a period of several 
years to substantiate the author’s ob- 
servation. 

Dr. QutnTERO Fossas of Cuba, in an 
address before the Medical Association 
of Puerto Rico in 1941, stressed the need 
for investigations of air-borne pollens, 
mold spores, dusts, and other sensitino- 
gens. Previously (6) he had suggested 
the necessity of observing the spore con- 
tent of the air in Cuba and the other 
West Indies islands. An anonymous arti- 
cle on hay fever in Latin America (1) in- 
dicates the lack of published data and 
literature on the subject. VAUGHAN (51) 
stated that further attention should be 
devoted to the problem of hay fever in 
the Americas. The address of QUINTERO 
Fossas (39) and a recent publication of 
the writer (10) indicate some of the 
plants which may cause pollen allergy in 
Puerto Rico. 
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THOMMEN (48) formulated the follow- 
ing five postulates that all allergist- 
botanists recognize: 

1. The pollen must contain an excitant of hay 
fever. 

2. The pollen must be anemophilous, or wind- 
borne, as regards its mode of pollination. 

3. The pollen must be produced in sufficiently 
large quantities. 

4. The pollen must be sufficiently buoyant to be 
carried considerable distances. 

5. The plant producing the pollen must be 
widely and abundantly distributed. 


According to these postulates the hay- 
fever plants of the United States are well 
determined. Some of these plants grow 
in Puerto Rico; thus, they may be re- 
garded as causative agents in pollen al- 
lergy. Similarly, some of the hay-fever 
plants of Mexico, Argentina, Brazil, 
Uruguay, Cuba, and Bermuda also grow 
in Puerto Rico and may be considered 
allergenic. In addition, personal observa- 
tions of wind-pollinated plants and 
studies of the available scientific litera- 
ture reveal that other plants are related 
botanically to those already established 
as allergenic. A number of these are en- 
demic to the island and do not occur in 
the countries mentioned above, while 
others more completely answer THom- 
MEN’s fifth postulate of distribution. 
Therefore, they may be important fac- 
tors in pollen allergy. This investigation 
represents a comparative study of the 
anemophilous plants of Puerto Rico and 
the allergenic anemophilous plants of 
North, Central, and South America. 


Discussion 


In referring to the plants the following 
sequence is used: the English name (if 
any) is followed in parentheses by the 
Spanish name (if any) as listed by OTERO 
and Toro (36) and then by the scientific 
name. In the case of grasses the termi- 
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nology of Hircucock (21, 22) is em- 
ployed wherever possible. For other 
plants the nomenclature of BRITTON and 
Wirson (4) is used, supplemented by 
SMALL (46). 

GrassEs.—A number of important al- 
lergenic grasses grow in Puerto Rico. 
Some of these are cultivated as forage 
crops, some occur as troublesome weeds, 
and others are weeds of waste places. In 
any instance grasses represent a definite 
factor in pollen allergy, since their flow- 
ering period extends over the entire year. 

Bermuda grass (pepe ortiz, yerba Ber- 
muda), Cynodon dactylon (L.) Pers., is 
widespread over the Western Hemi- 
sphere, being a primary cause of polli- 
nosis in the United States (55), in Mexico 
(42), in Argentina (8), in Brazil (20), in 
Uruguay (3), and in Cuba (39). Un- 
doubtedly it is of foremost importance 
in the pollen allergy of Puerto Rico. 

The pollen of goose grass (yerba dulce, 
pata de gallina), Eleusine indica (L.) 
Gaertn., is listed (18) as a secondary con- 
tributor to the atmospheric pollen in the 
southeastern states. Goose grass grows 
commonly in Argentina (8). 

Molasses grass (yerba melado, yara- 
gua), Melinis minutiflora Beauv., is re- 
ported to be the chief origin of grass pol- 
lens in the atmosphere of Rio de Janeiro 
(19, 29). The pollen is present on atmos- 
pheric slides exposed in other Brazilian 
cities: Belo Horizonte (30), Salvador 
(31), Juiz de Féra (32), Campinas (33), 
Barbacena (34), and Varginha (35). 
Since the pollen is so abundant in the air 
of South America, this grass is certainly 
of potential importance in pollen allergy 
in Puerto Rico. Molasses grass is not 
naturalized in North America. 

Johnson grass (yerba Johnson), Sor- 
ghum halepense (L.) Pers., which is 
widely distributed in the United States 
(18), in Mexico (43), in Argentina (8), 
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and in Brazil (49), and sorghum (millo), 
Sorghum vulgare Pers., cause hypersensi- 
tivity. However, Johnson grass, because 
of its larger distribution, is more promi- 
nent in hay-fever literature. 

Sugar cane (cafia de aziicar), Saccha- 
rum officinarum L., has long been sus- 
pected as a cause of allergy in Puerto 
Rico. Its flowering period extends from 
the latter part of October to the early 
part of January. QUINTERO Fossas (39) 
indicated that sugar cane is a factor in 
pollen allergy in Cuba; similarly, Ropp1s 
(40) listed it among the allergenic plants 
of Hawaii. Although the pollen is too 
heavy to be wind-borne for long dis- 
tances, it must be regarded as a promi- 
nent constituent in pollinosis because the 
plants are so extensively cultivated on 
the island. 

Natal grass, Tricholaene rosea Nees, is 
one of the significant grasses of Miami 
(27), shedding pollen in every month ex- 
cept January and February. Crabgrass, 
Digitaria sanguinalts (L.) Dulac., widely 
distributed in the tropic and temperate 
climates, is considered of secondary im- 
portance in inducing hay fever because 
it does not produce much pollen. St. Au- 
gustine grass (grama blanca), Steno- 
taphrum secundatum (Walt.) Kuntze, 
flowers almost continually and should be 
regarded as essential in pollen allergy. 
It is listed among the minor hay-fever 
plants of the southeastern states (18). 
Barnyard grass (arrocillo), Echinochloa 
crus-galli (L.) Beauv., is of secondary im- 
portance in pollen allergy. 

There are many endemic and natural- 
ized grasses in Puerto Rico that represent 
genera reported in the hay-fever litera- 
ture of other countries. Since it has been 
ascertained that the sensitizing principle 
of pollen grains is usually characteristic 
of all species of a genus, these grasses 
may be suspected in pollen allergy. In 
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referring to Bouteloua, WODEHOUSE (55) 
made the statement: “In hayfever 
studies distinction is seldom made be- 
tween the different species.” Conse- 
quently, the grama, Boutelowa americana 
(L.) Scribn., and the slender grama, B. 
heterostega Trin.) Griffiths, are important. 

The finger grasses, Chloris ciliata 
Swartz; (horquetilla), C. radiata (L.) 
Swartz; (horquetilla morada), C. inflata 
Link; and C. petraera Swartz may be of 
importance as allergenic plants, since 
they are related to the feather finger 
grass listed by WODEHOUSE (55) as a 
minor hay-fever plant of Arizona. 

Smut grass (burillo), Sporobolus poi- 
retit (Roem. and Schult.) Hitche., is an 
important hay-fever grass (18). The 
West Indian rush grass (matojo), S. in- 
dicus (L.) R. Br.; (matojo de playa), S. 
virginicus (L.) Kunth.; (matojo cubano), 
S. cubensis Hitche.; and S. pyramidatus 
(Lam.) Hitche., are related species and 
may be of local importance. 

The genus Paspalum is represented in 
Puerto Rico by about twenty species, 
the most prominent being the bull grass 
(cortadero), P. virgatum L. A related 
species is abundant in New Orleans (38). 
Additional species are mentioned in the 
hay-fever literature of the United States 
(55) and of Argentina (8). 

Knotroot bristle grass, Sefaria genicu- 
lata (Lam.) Beauv., and S._ setosa 
(Swartz) Beauv., are the most numerous 
of the seven species in Puerto Rico. 
These may be of some importance in 
hay fever, since they are related to the 
green bristle grass of southern United 
States (18). 

Sorghastrum (millito), Sorghastrum 
setosum (Griseb.) Hitchc., is related to a 
mainland species (27). Broom grass or 
broom sedge, Andropogon virginicus L., 
is listed as an important pollen-produc- 
ing plant of Miami (27). Other island 
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species are: all-beard grass (rabo de ra- 
ton), A. virgatus Desv.; bushy beard 
grass (yerba barbuda), A. glomeratus 
(Walt.) B.S.P.; (matojillo), A. leucosta- 
chyus H.B.K.; and (rabo de gato), A. bi- 
cornis L. The latter is widely distributed 
in the West Indies. Species allied to the 
vetiver or khus-khus (pachuli), Vetiveria 
zizanoides (L.) Nash, are reported in Ar- 
gentina (8) and in the United States (18) 
but of minor importance in hay fever. 

Guatemala grass (yerba de Guatema- 
la), Tripsacum laxum Nash, is not found 
in the United States. Related species are 
listed in Argentina (7) as possible aller- 
genic plants. Uniola laxa (L.) B.S.P. is 
related to the seaside oats, a minor pol- 
len-producing plant of Miami (27). 

The allergenic pollen of Indian corn 
(maiz), Zea mays L., is of local impor- 
tance only, since it is not carried for long 
distances by the wind. Cultivated white 
oats (avena), Avena sativa L., is of minor 
importance as a source of atmospheric 
pollen. : 

The grasses that follow may be of sig- 
nificance, since they undoubtedly con- 
tribute much pollen to the air. At pres- 
ent none of them has been determined al- 
lergenic: giant reed or cowcane (guajana, 
cana de castilla), Arundo donax L.; com- 
mon reed or wild cane (cana de indio), 
Phragmites communis Trin.; Guinea grass 
(yerba de Guinea), Panicum maximum 
Jacq.; Para grass (malojilla), P. pur- 
purascens Raddi; napier grass (yerba 
elefante), Pennisetum purpureum Schu- 
mach; carib grass (malojilla), Eriochloa 
polystachya H.B.K.; carpet grass, A xono- 
pus compressus (Swartz) Beauv.; and 
(yerba dorada), A. aureus Beauv. The 
pollen of Guinea grass commonly occurs 
on atmospheric slides of Brazil (29, 30). 

Redtop, orchard grass, June grass, 
timothy, sweet vernal ‘grass, rye grass, 
and the other essential hay-fever grasses 
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of North America are not found on the 
island. 

HERBACEOUS PLANTS.—The trouble- 
some hay-fever families of North, Cen- 
tral, and South America—Polygonaceae, 
Chenopodiaceae, Amaranthaceae, Plan- 
taginaceae, and Compositae—are all 
represented in the flora of Puerto Rico. 
In addition, there are a few species of 
secondary importance in the following: 
Typhaceae, Cyperaceae, and Urticaceae. 

Polygonaceae.—Rumex and Persicaria 
are the only allergenic genera growing on 
the island. Curled dock (col agria, vina- 
grillo), Rumex crispus L., is widespread 
in the United States, where it is con- 
sidered of importance in pollen allergy 
(18). It is also common in Mexico (44) 
and in Argentina (8). The four species of 
Persicaria: P. punctata (Ell.) Small, P. 
acuminata (H.B.K.) Maza, P. portori- 
censis (Bert.) Small, and P. segetum 
(H.B.K.) Small are chiefly entomophi- 
lous but may be of minor importance in 
allergy. 

Chenopodiaceae.—Three genera, Che- 
nopodium, Atriplex, and Salicornia, are 
allergenic. Mexican tea or wormseed 
(pazote), Chenopodium ambrosioides L., 
and sowbane, C. murale L., are outstand- 
ing because they shed large quantities of 
pollen. Both are widely distributed in 
Puerto Rico. Various species of this 
genus grow in Central and South Ameri- 
ca. Allied species of crested atriplex (gar- 
bancillo), Atriplex pentandra (Jacq.) 
Standley, are listed in the literature of 
the United States (55). They are impor- 
tant causes of pollen allergy, although 
they do not occur in large enough num- 
bers to replace the major plants. Glass- 
wort (chifle), Salicornia bigelovit Torr., 
assumes a secondary role in localities 
where it is plentiful (55). 

Amaranthaceae.—In Puerto Rico there 
are three toxic genera: Amaranthus, 
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Celosia, and Iresine. The first of these 
consists of six species: A. crassipes 
Schlecht.; (blero), A. dubius Mart.; 
(blero blanco), A. viridis L.; (blero man- 
so), A. gracilis Desf.; spiny amaranth 
(blero espinoso), A. spinosus L.; and 
(gusano), A. cruentus L. This genus 
grows plentifully in the Americas, and 
all species are of primary consideration 
when they occur in large numbers. The 
second genus consists of silvery celosia 
(albahaca plateada), C. argentea L.; (al- 
bahaca), C. nitida Vahl.; and cockscomb 
(cresta de gallo), C. cristata L. The lat- 
ter plant is reported as a contributor to 
the Brazilian pollens (28). In the United 
States these plants are not sufficiently 
distributed to include them as essential 
hay-fever agents, but in Puerto Rico 
they may be of potential importance. In 
the third genus, J. celosia L. and blood- 
leaf, Z. paniculata Kuntze, are probably 
of minor consequence, although the pol- 
lens of bloodleaf are enumerated in a 
pollen survey of Miami (27). 

Plantaginaceae.—Common plantain 
(llantén), Plantago major L., and Eng- 
lish plantain or rib grass (yerba de co- 
stilla), P. lanceolata L., predominate as 
pollen-producing plants in most of the 
Americas. They do not grow extensively 
on the island but might be local contrib- 
utors to pollen allergy. 

Com positae.—The ragweeds (common, 
great,western, and southern), eminent fac- 
tors in the pollinosis of the United States, 
Mexico, Brazil, and Argentina, are lack- 
ing in Puerto Rico. However, there are 
two species of Ambrosia on the island. 
The bay tansy or seashore ragweed, A. 
hispida Pursh., is not widespread and so 
is only of local importance even though 
it flowers most of the year. DURHAM (14) 
reported that it is a contributing factor 
to the atmospheric pollen in Florida and 
other Gulf States. (Altamisa, artemisa), 
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A. peruviana Willd., is of probable im- 
portance when it occurs in fairly large 
numbers, since all species of Ambrosia 
are generally regarded as _ possessing 
equal toxicity. 

The only species of Xanthium growing 
on the island is cocklebur (bardana), 
X. chinense Mill. The pollens of the 
various species of this genus interact 
with one another and all are equally 
toxic (16). Wormwood (ajenjo), Artemi- 
sia absinthium L., is of minor interest to 
the allergists of the United States chiefly 
because the plants are not abundant. 
Wormwood, however, is prevalent in 
some parts of the island and may be a 
factor in the hay-fever problem. No other 
representatives of this genus are present. 

The other composite plants that have 
been mentioned in hay-fever literature 
are chiefly entomophilous and can be 
considered only as local problems: sun- 
flower (girasol), Helianthus annuus L.; 
globe artichoke (cardo alcachofero), Cy- 
nara scolymus L.; feverfew Maitricaria 
parthenium L.; mugwort (yerba amarga, 
ajenjo cimarrén), Parthenium hystero- 
phorus L.; thistle (cardo), Carduus mexi- 
canus Moric.; and fireweed (achicoria de 
cabra), Senecio hieracifolia (L.) Raf. 

T yphaceae.—Narrow-leaved cattail 
(enea), Typha angustifolia L., sheds a 
copious amount of pollen, but in the 
United States it is of little import in 
pollen allergy. It is listed, however, 
among the plants of lesser importance in 
Argentina (26). 

Cyperaceae.—Species related to Carex 
polystachya Sw. are noted in the United 
States (55), Mexico (44), and Argentina 
(26). Their abundant pollens are fre- 
quently caught on atmospheric slides 
and are considered allergenic. 

Urticaceae——The artillery plant or 
gale of wind (madre selva, verdolagui- 
lla), Pilea microphylla (L.) Liebm., and 
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the many species of Urtica (Tourn.) L. 
have been considered as lesser causes of 
hay fever in the United States (18) and 
also in Argentina (26). 

TREES AND SHRUBS.—Most species of 
trees and shrubs associated with hay 
fever in the various parts of the United 
States (5, 15, 25, 37, 55) are not found 
in Puerto Rico. 

Arecaceae.—The Puerto Rican royal 
palm (palma real), Roystonea boringuena 
Cook, may be considered allergenic, since 
the royal palms of Cuba (39) and of 
Hawaii (40) are causes of allergy. The 
coconut palm (palma de coco), Cocos 
nucifera L., is a factor in increasing the 
pollen count of the atmosphere in Miami 
(12). Pollens of various palms occur on 
atmospheric slides in Brazil (33). Hence, 
on the island, the endemic hat palm 
(palma de sombrero), Sabal causiarum 
(Cook) Beccari, and additional types of 
palms may be prominent in atmospheric 
pollen determinations. The allergenic 
date palms, however, are absent. 

Casuarinaceae.—The Australian pine 
or beefwood tree (pino), Casuarina eqgut- 
setifolia Forst., is reported as a cause of 
hay fever in Miami (56) and is listed as 
an allergenic tree of Argentina (26). 

Juglandaceae.—Since the walnuts gen- 
erally are recognized as hay-fever trees, 
the walnut (nogal, palo de nuez), Juglans 
jamaicensis C., may be of local conse- 
quence. 

M yricaceae.—-The bayberry or candle- 
berry myrtle (cererro, arrayan), Myrica 
cerifera L., is reported as the chief cause 
of allergy in Bermuda (17) and should be 
regarded in a similar capacity in Puerto 
Rico. 

Urticaceae.—A hackberry (almez), Cel- 
tis trinervia Lam., is related to the aller- 
genic species that occur in the United 
States (55) and in Argentina (9). The 
tala tree, so prominent in the pollinosis 
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of South America, does not grow jn 
Puerto Rico. 

Moraceae.—Indian laurel (laurel de 
India), Ficus nitida Thunb., has monoe- 
cious flowers and may be of consequence 
in pollen allergy. Fustic (mora, palo de 
mora), Chlorophora tinctoria (L.) Gaud., 
is insect-pollinated, but its pollens can 
be carried short distances by the wind. 
It is related to the paper mulberry, well 
known to the allergists of North and 
South America. 

Mimosaceae.—The genera Prosopis, 
Acacia, and Albizzia are allergenic in 
the United States (12) and in Argentina 
(26). In addition, Prosopis is common in 
Mexico (44), and Acacia in Mexico (44) 
and in Cuba (39). 

Honey mesquite (algaroba), Prosopis 
juliflora (Sw.) DC., is considered to be 
the most important tree causing hay 
fever in western Texas (45). 

Five species of Acacia grow abun- 
dantly on the island. None of these oc- 
curs in the United States, and none has 
been reported in hay-fever literature. 
However, of the various North American 
species, ROWE (41) stated that Acacia 
pollen is found on atmospheric slides and 
causes hay fever and asthma. Thus, the 
wild tamarind (cacia), A. macracantha 
H. & B.; catch-and-keep, A. riparia 
H.B.K.; catechu, A. swma Roxb.; spine- 
less acacia (tamarindo cimarr6n, acacia 
nudosa), A. muricata (L.) Willd.; and 
A. anegadensis Britton may be of poten- 
tial danger. 

(Aroma, casha), Vachellia farnesiana 
(L.) Wight & Arn., is synonymous with 
opopanax or popinack, Acacia farnesiana 
Willd. It is entomophilous, but its pollen 
is also carried by the wind. Severe aller- 
gic symptoms were relieved in a hyper- 
sensitive child when a number of these 
trees were cut down near her home.’ 

2 Personal communication, 
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The yellow acacia (acacia amarilla, 
amor platénico), A/bizzia lebbeck (L.) 
Benth., is allied to a mainland species, 
the mimosa tree, which is suspected of 
causing hay fever (55). Suspicion is thus 
cast upon the yellow acacia in Puerto 
Rico. It is possible that, in addition to 
the pollens of all these leguminous plants, 
the odors or ‘“‘osmyls’’ described by Ur- 
BACH (50) are responsible for the pro- 
duction of allergic symptoms. 

Meliaceae.—The Indian lilac or pride 
of India (lilaila, pasilla), Melia azeda- 
rach L., does not grow in the United 
States, but it occurs in Argentina. Al- 
though it is entomophilous, it can pro- 
duce allergy (52). 

Anacardiaceae.—The pollen of the 
mango (mangé), Mangifera indica L., is 
mentioned among the wind-borne pol- 
lens of Hawaii (40) and of Cuba (39). 

Malvaceae-—Among the many species 
and varieties of hibiscus in Puerto Rico 
is the Chinese rose (amapola, candelada, 
pavona), Hibiscus rosa-sinensis L. It is 
insect-pollinated, but that its pollens 
may cause allergy was indicated by 
RopDIS (40), who cited one such case in 
Hawaii. 

Terminaliaceae.—I\ndian almond or 
malabar almond (almendron), Termina- 
lia catappa L., possesses apetalous flow- 
ers which may liberate sufficient pollen 
to be of concern in allergy. 

M yrtaceae.—Seven species of the blue 
GRASSES: 


3) Andropogon bicornis (3) C. inflata 


Ne 
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gum (eucalypto), Eucalyptus robusta 
Smith, E. rostrata Schl., E. citriodora 
Hook., E. tereticornis Smith, E. viminalis 
Labill., E. resinifera Smith, and E. pani- 
culata Smith grow in Puerto Rico. These 
are generally considered entomophilous, 
although Eucalyptus pollens have been 
reported in the atmosphere of Argentina 
(26) and of Mexico (44). 
Compositae.—_The 
charis dioica Vahl., is related to the 
groundsel bush, which is of importance 
in Miami (27) and in Mexico (44). 
Others—The following trees and 
shrubs are chiefly entomophilous, but 


broombush, Bac- 


their pollens can be carried short dis- 
tances by the wind: West Indian snow- 
berry (bejuco de berac), Chiococca alba 
(L.) Hitche.; castor-oil plant (higuerito), 
Ricinus communis L.; and three species 
of Jasminum: Arabian jasmine (jasmin 
oloroso, diamela), J. sambac (L.) Soland., 
hairy jasmine (jasmin de papel), J. pu- 
bescens (Retz) Willd., and (jasmin de 
trapo), J. azoricum L. 

A summary list follows of the species 
of probable allergenicity in Puerto Rico. 
The significance of the numerical desig- 
nations is: (1) of major importance in the 
pollen allergy of other countries; (2) of 
minor importance in the pollen allergy 
of other countries; (3) related to aller- 
genic species of other countries; and (4) 
contribute pollen to the atmosphere but 
not proved allergenic. 


(3) Chloris ciliata (3) Paspalum virgatum 


(4) Pennisetum purpureum 


3) A. glomeratus (3) C. petraera (4) Phragmites communis 
3) A. leucostachyus (3) C. radiata (1) Saccharum officinarum 


3) A. virgatus (1) Cynodon dactylon (3) Setaria geniculata 

1) A. virginicus (2) Digitaria sanguinalis (3) S. setosa 

4) Arundo donax (2) Echinochloa crus-galli (3) Sorghastrum setosum 
2) Avena sativa (2) Eleusine indica (1) Sorghum halepense 
}) Axonopus aureus (4) Eriochloa polystachya (2) S. vulgare 

4) A. compressus (4) Melinis minutiflora (3) Sporobolus cubensis 


(3) Bouteloua americana (4) Panicum 


(3) B. heterostega 


(4) P. purpurascens 


maximum (3) S. indicus 


(1) S. poiretii 
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GRASSES—comtinued (1) C. murale (3) Baccharis dioica 
(3) S. pyramidatus (2) Cynara scolymus (1) Casuarina equisetifolia 
(3) S. virginicus (2) Helianthus annuus (3) Celtis trinervia 
(2) Stenotaphrum secunda- (3) Iresine celosia (4) Chiococca alba 
tum (2) I. paniculata (3) Chlorophora tinctoria 
(1) Tricholaene rosea (2) Matricaria parthenium (1) Cocos nucifera 
(4) Tripsacum laxum (2) Parthenium hyste- (4) Eucalyptus citriodora 
(3) Uniola laxa rophorus (4) E. paniculata 
(3) Vetiveria zizanoides (2) Persicaria acuminata (4) E. resinifera 
(2) Zea mays (3) P. portoricensis (4) E. robusta 
(2) P. punctata (4) E. rostrata 
HERBACEOUS PLANTS: (2) P. segetum (4) E. tereticornis 
(1) Amaranthus crassipes (2) Pilea microphylla (4) E. viminalis 
(1) A. cruentus (1) Plantago lanceolata (4) Ficus nitida 
(1) A. dubius (1) P. major (2) Hibiscus rosa-sinensis 
(1) A. gracilis (1) Rumex crispus (4) Jasminum azoricum 
(7) A. spinosus (2) Salicornia bigelovii (4) J. pubescens 
(1) A. viridis (2) Senecio hieracifolia (4) J. sambac 
1) Ambrosia hispida (2) Typha angustifolia (3) Juglans jamaicensis 
3) A. peruviana (2) Urtica spp. (4) Mangifera indica 
(2) Artemisia absinthium (3) Xanthium chinense (2) Melia azedarach 
3) Atriplex pentandra i (1) Myrica cerifera 
(2) Carduus mexicanus TREES AND SHRUBS: eee 
ee fr 2 (1) Prosopis juliflora 
3) Carex polystachya (3) Acacia anegadensis oa ; 
(2) Celosia argentea (3) A. macracantha (4) Ricinus pesrennereanee 
fal C eeleiate (3) A. muricata (3) Roystonea borinquena 
(2) C. nitida (3) A. riparia (4) Sabal causiarum 
1) Chenopodium ambro (3) A. suma (4) Terminalia catappa 
sioides (3) Albizzia lebbeck (2) Vachellia farnesiana 


Summary 

t. A survey of the flora of Puerto Rico 
has disclosed the existence of certain 
anemophilous plants which may be of 
potential danger to allergic individuals. 
There are no reports, however, of clinical 
studies of the pollen allergies caused by 
these plants. 

2. Some of the wind-pollinated species 
growing in Puerto Rico are identical 
with those of the United States, Mexico, 
Argentina, Brazil, Uruguay, Cuba, and 
Bermuda. It has been determined in the 
latter locations that many of these plants 
cause pollinosis. Other island plants are 
related to the allergenic species of those 
countries; and still others, although un- 
related, contribute a large amount of pol- 


- 


len to the atmosphere. Thus, they may 
prove to be definite factors in pollen al- 
lergy. 

3. The anemophilous plants are dis- 
cussed, and comparisons are made. Lists 
of the grasses, herbaceous plants, and 
trees and shrubs of probable allergenicity 
are presented. 

4. This investigation suggests as a 
basis for future clinical study the rela- 
tionship between the uninvestigated ane- 
mophilous plants of Puerto Rico and the 
allergenic plants of North, Central, and 
South America. 

DEPARTMENT OF PHARMACOGNOSY 
UNIVERSITY OF PITTSBURGH 
SCHOOL OF PHARMACY 
PITTSBURGH, PENNSYLVANIA 
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A HAPLO-VIABLE DEFICIENCY-DUPLICATION FROM AN 
INTERCHANGE IN TRITICUM MONOCOCCUM! 


LUTHER SMITH 


Introduction 

The deficiency-duplication herein re- 
ported arises at meiosis from the segrega- 
tion of chromosomes involved in a het- 
erozygous reciprocal translocation in ein- 
korn (Triticum monococcum L., n = 7). 
The fact that a gametophyte with a de- 
ficiency is functional in this diploid 

‘ Missouri College of Agriculture, journal series 
paper no. 1018. Investigation carried out at Co- 
lumbia, Missouri, under auspices of United States 
Department of Agriculture an@l Missouri Agricul- 
tural Experiment Station. 


wheat is of interest in itself and suggests 
that there may be duplicated chromo- 
somes or parts of chromosomes in this 
species and that the basic number of 
chromosomes in wheat may be less than 
seven. The deficiency-duplication is of 
interest also because of the practical use 
that can be made of the altered trans- 
mission of factors in the deficient and 
duplicated chromosomes. In nonpoly- 
ploid species a deficiency-duplication 
complex should have an advantage over 
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trisomes in the study of inheritance of 
factors for disease resistance and other 
characters difficult to study by usual 
methods, because one could be selected 
that had less effect on viability. 


Observations 


ORIGIN AND DESCRIPTION OF PLANTS 
Anum- 


WITH DEFICIENCY-DUPLICATION. 


TRITICUM MONOCOCCUM 250 


when selfed, produced three types of off- 
spring: (a) Somewhat less than half had 
seven pairs of chromosomes at meiosis 
and appeared normal. (5) A correspond- 
ing proportion had a ring (or chain) of 
four chromosomes and were also normal 
in external appearance. (c) The re- 
mainder, or about 7% (based on a popu- 
lation of goo plants, of which to2 were 





Fic. 1.—Arrangements of chromosomes at first meiotic metaphase in pollen mother cells of plants with 
deficiency-duplication. (a), group of five cells from anther, showing various configurations of chromosomes; 


at 3:00 o’clock, zigzag chain of four chromosomes and probably one open and four closed pairs; at 4:00 
o'clock, slightly out of focus, one open and six closed pairs; at 6:00 o’clock, two open and five closed pairs; 
at g:00 o’clock, open chain of four chromosomes and probably five closed pairs; at 12:00 o’clock, seven 
closed pairs. X 420. (b), cell from plant with deficiency-duplication showing seven closed pairs. 850. (¢ 
cell from same plant as b showing attachment between two pairs, presumably as result of pairing among 
three homologous segments. X850. (d), configuration similar to that shown in c, but from plant in which 
three pairs of chromosomes were involved in complex. 850. 





ber of reciprocal translocations were ob- 
tained as a result of X-ray treatments of 
dormant seeds of einkorn (11, 12). Plants 
heterozygous for one of these, hereafter 
referred to as “Ring no. 12,” had a chain 
of four chromosomes in 56% and a ring 
of four chromosomes in 44% of the 275 
pollen mother cells tabulated, which sug- 
gested that one of the translocated seg- 
ments was relatively short. 

Plants heterozygous for Ring no. 12, 


examined cytologically), had seven pairs 
of chromosomes in some pollen mother 
cells and five pairs, plus a chain of four 
chromosomes, in others. In some cells 
two pairs were attached but not in a 
manner to be classed as a chain of four 
(see fig. 1 for types of configurations of 
chromosomes observed in plants with 
deficiency-duplication). Consideration of 
the evidence has led to the conclusion 
that plants with five pairs plus a chain of 
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four chromosomes in some pollen mother 
cells and seven pairs in others had re- 
ceived a gamete with a deficiency and a 
duplication resulting from the segrega- 
tion of chromosomes in the heterozygous 
interchange. ‘“‘Deficiency-duplication”’ is 
a term used to designate such gametes 


PLANTS 
7¥ 
cl 
Normal 
Ring no. 12... 
Deficiency-duplication. . 


Not examined critically for rings 


TRANSMISSI( 


PARENT PLANTS 


9 rot 
Normal Normal 
Normal Ring no. 12 
Normal Def.-dup. 
Ring no. 12 Norma! 
Ring no. 12 Ring no. 12 
Def.-dup. Normal 
Def.-dup. Def.-dup. 

‘‘Normals”’ were ‘‘diploid, 


vairs, 


osed 


200 
° 


33 


norma] plants seemed identical. In table 
1 are presented data on the arrangements 
of chromosomes at microsporogenesis in 
normal, Ring no. 12, and deficiency-dup- 
lication sib plants. 

Sixty-five plants with the deficiency- 
duplication averaged 79 cm. in height 


TABLE 1 
ARRANGEMENTS OF CHROMOSOMES IN NORMAL, RING NO. 12, 
AND DEFICIENCY-DUPLICATION SIB PLANTS 


NO. OF POLLEN MOTHER CELLS WITH INDICATED 


7 pairs, 
I open 


41 
° 
140 


| Normal 


097 
986* 
Q2 
ES" 
824* 
240 
400 


ARRANGEMENTS OF CHROMOSOMES 


| 
7 pairs, 7 pairs, | Ring | Chain 
7 7 


or chains of more than two chromosomes 


ft 
| Unclassi 
2 open 3 open of 4 of 4 | fiable 
7 , er ee y 
° ° 121 154 | 122 
37 4 ° | 107 | 69 
TABLE 2 
JN OF DEFICIENCY-DUPLICATION IN EINKORN 
CONSTITUTION OF PROGENY (NO.) 
Def.-dup.| Haploid | Triploid Total 
° ° ° 697 (ot 
2 36t 2 1026 (101) 
° I ° 93 (3) 
2 fe) ° 17 (17 
59 ° 3 886 (102) 
117 U1 13 381 (94) 
309 2 22 793 (270) 


not deficiency-duplication,’’ but included ring-forming as well as 7-pair 
plants, approximately half of which were presumably homozygous for the interchanged chromosomes. 
Numbers in parentheses indicate number of plants examined cytologically. 
t Some but not all these haploids were result of delayed pollination (13). 


and the plants that receive them. Plants 
heterozygous for the deficiency-duplica- 
tion (no homozygotes were observed) 
were somewhat slow in development, had 
fine leaves and spikes, and had small and 
Apparently 
only one of the possible types of gametes 
receiving deficiency-duplication com- 
plexes was viable, because the meiotic 


somewhat defective pollen. 


and external appeararfce of all the ab- 


and bore eighteen culms each as com- 
pared with 86 cm. and sixteen culms for 
each of 151 normal sibs. They resembled 
haploids except that they were larger, 
more vigorous, and fairly fertile. The 
fertility of four exceptionally vigorous 
plants with the deficiency-duplication 
(including both primary and secondary 
florets) was 49% as compared with 54% 
for four normal, and with 62% for one 
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ring-forming sib. The numbers of florets 
tabulated were 632, 803, and 340, re- 
spectively. 

TRANSMISSION OF DEFICIENCY-DUPLI- 
CATION COMPLEX.—Data from tests of 
sib plants dealing with the inheritance of 
the deficiency-duplication complex are 
presented in table 2. Of the nine possible 
combinations of the three types of female 
and male parents, all were tested except 
the reciprocal cross between plants with 
the deficiency-duplication and Ring no. 
12. These two combinations would give 
little information on transmission of the 
complex. The other tests showed that 
transmission of the deficiency-duplica- 
tion was almost entirely through the fe- 
male gametes of plants with Ring no. 12 
(7%) or with the deficiency-duplication 
(30-40%). 

There were two instances (among 1119 
plants in which it could be detected) of 
transmission of the deficiency-duplica- 
tion through the pollen of Ring no. 12 
plants. These two individuals had the 
typical external appearance and meiotic 
behavior of plants with the complex. 

Plants with the deficiency-duplication 
produced an unusual proportion of hap- 
loid and triploid progeny. Most, and per- 
haps all, of the triploids had the de- 
ficiency-duplication. This was indicated 
by macroscopic and microscopic observa- 
tions, but it was not determined whether 
they had one or two chromosomes with 
the deficiency-duplication. 

EFFECT OF DEFICIENCY-DUPLICATION 
COMPLEX ON INHERITANCE OF FACTORS 
FOR MUTANT CHARACTERS.—The pre- 
sumed derivation and chromosomal con- 
stitution of plants with the deficiency- 
duplication are shown in figure 2. The 
more common constitution, obtained by 
crossing a plant having the deficiency- 
duplication with a normal (also present 





in half the deficiency-duplication plants 
in selfed progenies of plants heterozygous 
for Ring no. 12), is shown in d and e. 
Hypothetical factors are shown in d and 





A So) Co. eee 
P DOD . 
a i Foerergitcrcttinnts 
a || C 
BB 





Fic. 2.—Diagram showing derivation and chro 
mosomal constitution of plants with some pollen 
mother cells having seven pairs of chromosomes and 
others having five pairs plus chain of four. (a), as- 
sociation of four chromosomes resulting from inter- 
change between two nonhomologous chromosomes 
at points indicated by arrows. Points of interchange 
are hypothetical. One type of separation would pro- 
duce viable spores with chromosomes AB CB, 
which would be deficient for only small segment D 
and have a duplication for segment B, (6 and c), 
configurations of chromosomes in pollen mother 
cells of plants receiving A B C B and interchanged 








chromosomes A D C B. There would be either (0b 
seven pairs of chromosomes (here and elsewhere in 
this paper unaffected chromosomes are referred to 
but not diagrammed) with one pair usually open, 
D A AB, or (c) five pairs plus chain of four, 


DAABBCCB. (d and e), configurations of chro- 
mosomes in pollen mother cells of plants receiving 
A B CB and normal chromosomes A B C D. There 





would be (d) seven pairs of chromosomes with one 
pair usually open, D C CB, or (e) five pairs plus a 
chain of four, BAABBCCD. 
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may be used to illustrate the effect of the 
deficiency-duplication on the inheritance 
of factors at various loci along the 
chromosomes. 

A recessive factor (for example, “) in 
the region of the normal chromosome, 
corresponding to the segment missing 
from the deficient chromosome, should 
appear as a “‘pseudo-dominant” in plants 
with the deficiency-duplication. A factor 
(for example, v) in the same general re- 
gion of the chromosome, whether or not 
opposite the deficient segment, would 
segregate in higher than normal ratio be- 


TABL 


FFECT OF DEFICIENCY-DUPLICATION ON 


| 
| 
| 
| 
| 


| FACTOR 
LINKAGE PAREN1 eeaue: | 
ae | aa ad | re an | 
\ Normal J | 
A. ...-|  Def.-dup. | j | 

\ Normal gl-2 
\ Def.-dup. | gl-2 | 
B Normal |} gl-r | 
B | Def.-dup. | gl-1 
B | Normal wi | 
B |  Def.-dup. | wi | 
& | Normal vg | 
Cc | Def.-dup. vg | 
Cc | Normal | e-2 | 

iS |  Def.-dup. €-2 

cS ..| Normal yx-2 

6 | Def.-dup. | yx-2 
D ..| Normal y | 
D Def.-dup. y | 
D Normal ga | 
D Def.-dup. ga | 
D Normal | js | 
D Def.-dup. js | 
D Normal] cx-I | 
D Def.-dup. CX-1 | 
F Normal g | 
F |  Def.-dup. g | 
| Normal | e-I | 
|  Def.-dup. e-1 | 

| Normal | ar-2 

Def.-dup. | ar-2 


. © 
* See fig. 3 for linkage group. 
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cause of the competitive advantage of 
gametophytes with normal chromosomes 
over gametophytes with the deficiency- 
duplication. 

A factor (for example, w) far enough re- 
moved from the deficiency-duplication to 
approach 50% crossing over with it would 
segregate in normal ratio. Characters de- 
termined by factors in the triplicated 
segment would segregate in approximate- 
ly 7:1, 3:1, and 1:1 (not trisomic) ratios 
in selfed and in the two kinds of recipro- 
cally backcrossed progenies because of 
the difference in functioning of male and 


E 3 


INHERITANCE OF MUTANT CHARACTERS 
CONSTITUTION OF PROGENY 


Recessive phenotype 


| selectins 


Dominant 


yhenotype ls | 
| I YI | Standard 


(no.) | 
AnOs7 No. % devia 
tion 

23839 2052 757 «| 27 I 
231 | 178 53 23 3 
3390 2052 738 | I 
55 46 9 16 5 
2121 | 1612 | 509 24 | I 
275 | 214 or | 22 | 3 
214t | 1647 | 494 | 23 |] I 
242 177 | 65 | 27 | 3 
2510 1949 sor | 22 | 1 
183 151 32 a, a. 
3683. | = 2927 750 21 I 
117 | 87 30 «| 20 4 
1413 | 1108 305 | 22 I 
147 117 3° | 20 + 
3090 2309 780 | 25 I 
322 200 62 | 19 2 
959 | 750° } 209 | 22 I 
199 155 44 | 22 2 
1478 1164 | 314 | 21 I 
16 13 | 3 | 1g 10 
804 | 643 161 20 I 
160 | 129 3! 19 3 
1434 1004 37 | 20 I 
199 150 43 22 3 
5227, | 94447 780 | 15 I 
4o2— | 262 140 | 35 2 
1157 | 963 194 | 17 I 
601 370 231 38 3 


+ Normals were not necessarily sibs of deficiency-duplication plants 
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female germ cells with the deficiency- 
duplication. Factors (for example, o and 
n) not included in the triplicated seg- 
ment in the homologous bivalent should 
segregate in normal ratios. 
Fourteen factors (table 3 and fig. 3) 
were tested for “‘pseudo-dominance”’ and 
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Normal plants heterozygous for e-r or 
ar-2 (as well as plants heterozygous for 
certain other factors in other chromo- 
somes) had significantly less than 25% of 
the progeny with the recessive pheno- 
type. This was not due to poor classifi- 
ability, at least in the case of e-r e-1 




















* * 
area gl-2 c-l j cp anne 
A. 4 = ‘ . gv 
* * 
5. fs-a gl-1 wit 
* * * 
C. e-2 yx-2 yg 
+ 5 * 
D. g2 JS y c-2 | 
cx-1 
E B Gp 
* 
F. cx=-3 & glx . pa-a 
1lx-2 


Fic 2. 


Linkage map of factors known to be linked in einkorn (see Smitu [11] for descriptions of mutant 


characters). One inch represents approximately 15 crossover units. Orders of some of factors on chart (as 
well as all factors on right-hand margin) were not definitely established. Groups of linked factors are not 
necessarily on different chromosomes. However, one or more factors in each group (and e-r) were tested 


with factors in each of the other groups and found to be apparently unlinked. An asterisk (* 


indicates fac 


tors tested for “‘pseudo-dominance” and abnormal segregation in plants with deficiency-duplication. 


for abnormal segregation. None showed 
“pseudo-dominance” but two (e-r and 
ar-2) segregated in unusual ratios in the 
selfed progeny of plants with the de- 
ficiency-duplication. The results indi- 
cated that e-r and ar-2 are in the same 
pair of chromosomes (C_D in fig. 2), but 
tests on the linkage relations of these 
factors in normal plants have not been 
completed. 


plants, and was probably not due to poor 
viability. Apparently a considerable 
number of genes, like the wx gene in 
maize (14), affect the transmission of the 
chromosomes containing them. 


Discussion 


The fact that a gamete with the de- 
ficiency-duplication is viable in einkorn 
suggests that the species may have dup- 
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lications of segments or whole chromo- 
somes. Such a conclusion would be dif- 
ficult to substantiate with evidence. The 
basic number of chromosomes in einkorn 
has already been discussed by SMITH 
(13), but it may be added here that even 
if it were proved that pairing in haploids 
of this species occurs between two par- 
ticular chromosomes (or parts of chromo- 
somes), or that any additional viable de- 
ficiency-duplication complexes involved 
these same chromosomes, there would 
still be no indubitable proof that the 
basic number of chromosomes is less than 
seven. 

Whatever the explanation of the de- 
ficiency-duplication may be, the results 
provide a very useful application of the 
inheritance of factors in the affected 
The deficiency-duplica- 
tion complex should prove of use in locat- 
ing factors in ordinary linkage mapping 
and of value in studying the factorial 
foundation of such quantitative charac- 
ters as disease resistance, quality, and 
yield. The deficiency-duplication would 
so alter the inheritance of such factors 
(in species where the method is prac- 


chromosomes. 


ticable) that it should be possible to 
study their inheritance effectively. 

In most diploid species in which a 
large deficiency would probably not be 
tolerated in the gametophyte genera- 
tion, the interchanges most likely, to pro- 
vide the viable deficiency-duplication 
segregates desired would be those ap- 
pearing as a chain, instead of a ring, of 
four chromosomes at meiosis in a consid- 
erable proportion of the pollen mother 
cells. To be most useful, the plants with 
the deficiency-duplication should be dis- 
tinguishable macroscopically, in order to 
obviate the necessity of identifying the 
affected plants cytologically. 

If the deficiency-duplication complex 
could not be associated with other chro- 
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mosomes, its usefulness would be limited, 
because additional, viable deficiency- 
duplication complexes would have to be 
found for the various chromosomes. It is 
possible, however, by inducing another 
interchange, to associate the deficiency- 
duplication with any third pair of chro- 
mosomes to form a chain of six (chain of 
four in some sporocytes). Thus, a single 
viable deficiency-duplication would suf- 
fice in a species for altering the transmis- 
sion of any chromosome of the genom. 

There are four possible types of inter- 
change involving a different arm of the 
two pairs of chromosomes in the de- 
ficiency-duplication complex with a third 
pair of chromosomes, but only the most 
useful type is illustrated in figure 4.? A 
plant with the arrangement of chromo- 
somes shown would be approximately 
semisterile (if segregation were not di- 
rected) as compared with (potentially) 
full fertility in a deficiency-duplication 
plant with seven pairs or a chain of four 
plus five pairs. However, the only viable 
gametes (exclusive of certain kinds of 
crossovers) would be those with a normal 
set of chromosomes and those with the 
interchanges and deficiency-duplication. 
Thus, any genetic factors linked with the 
deficiency-duplication in the chromo- 
somes B F and C E would be altered in 
their transmission. The degree of the 
change in transmission would depend on 
the amount of crossing-over between the 
factors and the interchange or deficiency 
breaks. 

? In addition to interchanges involving both arms 
of a chromosome, there would, of course, be in- 
stances in which the second interchange involved the 
same arm as the first. To illustrate and discuss all 
these possibilities, and the effect crossing-over would 
have on the transmission of factors located at various 
points on the affected chromosomes, would require a 
great deal of space. It is felt that the information al- 
ready given and fig. 4 will suggest to the reader the 
possibilities of using a deficiency-duplication (or 


other abnormalities with similar effects on the trans- 
mission of chromosomes) in genetic studies. 














\O- 
ly 
li- 


on 
ur 
le 
of 
ial 
he 


he 
10- 

in 
he 
on 
he 


rms 
in- 
the 
all 
yuld 
ous 
rea 
 al- 
the 
(or 


ans- 





1948] SMITH—TRITICUM MONOCOCCUM 265 


Crossovers would interfere somewhat would be a new chromosome F _D, which, 
with the use of the complex, and it may if combined with chromosomes of the 
be necessary to use interchanges with proper constitution, would result in an 
breaks closer to the deficiency-duplica- entirely new interchange heterozygote. 
tion than the one illustrated in figure 4, in In this connection it seems desirable 
order to have transmission of genes in _ to point out that additional observations 




















A SUP Gia cicadas ee eR en LE 
in ’ Ft 
A ean ee 
‘ A jiuemiesoaaaimads tg E 
DOD ee 
i 
8 4 
b A B ee : E 
A B D + 
€¢ 
B B ae 
A = i ee E 
c 52945552225 : 
A / *s + 
. c'c 


Gametes formed: A_B BF E_E Inviable 


AB BF C_E Viable, Def-Dup. 
AB C_D EE Viable, Normal 
A B ef ¢ Inviable 


I'1c. 4. Diagram showing derivation and chromosomal constitution of plants with deficiency-duplication 
involving three pairs of chromosomes. (a), association of six chromosomes resulting from interchanges among 
three nonhomologous chromosomes at points indicated by arrows. One type of separation would produce 
viable spores with chromosomes A B B F C E which would have same deficiency-duplication as observed in 
plants with seven pairs or chain of four plus five pairs (fig. 2). (6 and c), configurations of chromosomes in 
pollen mother cells of plants receiving A B B F C E and normal chromosomes A B C D E F. Some cells 
would have five pairs plus chain of four (4); others four pairs plus chain of six (c). Note that only viable 
spores (non-crossover) formed by plant with deficiency-duplication would contain normal set of chromosomes 
or deficiency-duplication complex which would form a chain of six (or four) at meiosis, when combined with 








normal chromosomes. See text. 


both deficiency-duplication and the in-- 


terchanged chromosomes affected. Also, 
a crossover at X in either a or c (fig. 4) 
could result in the production of a plant 
having a deficiency-duplication involving 
two instead of three pairs of chromo- 
somes (which, however, should be dis- 
tinguishable on the basis of fertility). 
The complementary crossover strand 


are needed for an interpretation of the 
effect of crossing-over on ring and chain 
configurations at meiotic metaphase in 
plants heterozygous for interchanges. 
The current view is that, if an inter- 
change frequently results in a chain in- 
stead of in a ring of four, one of the pieces 
translocated is short. If the piece trans- 
located is short, however, the segment 
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between the centromere and the point of 
interchange should, in some chromo- 
somes, be long. In such a long segment 
the chiasma frequency should be prac- 
tically unaltered, and there would be 
chiasmata on both sides of the cen- 
tromeres of the four chromosomes 1n- 
volved in the interchange (fig. 2). Such a 
configuration ought to be distinctive (be- 
cause, supposedly, chiasmata cannot ter- 
minalize across centromeres or points of 
interchange) and worthy of note. In the 
present study, for example, these con- 
both 
sides of the centromeres, should have oc- 
curred about as frequently in plants with 


figurations, with chiasmata on 


Ring no. 12 as seven closed pairs occurred 
in plants with the deficiency-duplication 
(table 1). This would be expected unless 
the formation of a ring or chain inter- 
fered with (precluded) chiasma forma- 
tion between the centromeres and the 
breaks, which seems unlikely. RHOADES 
(8) also reported observations that did 
not fit prevailing concepts “relating 
crossing over to chiasmata and chias- 
mata to post-diplotene association.” An- 
other consequence of crossing-over in 
heterozygous interchanges is discussed in 
the next paragraph. 

A crossover between the centromere 
and the break in either or both arms of 
chromosomes involved in an interchange 


(ex. 


involving two pairs of chromo- 
somes) would be expected to result in a 
zigzag arrangement of chromosomes at 
first meiotic metaphase owing to the ter- 
minalization of the chiasma. In favorable 
cells it should be possible to observe the 
exchange of strands at the point of over- 
lap in the figure-of-eight. Therefore, the 
proportions of adjacent and alternate 
disjunctions might vary with different 
interchanges, depending upon the fre- 
quencies of crossing-over between the 
centromeres and the breaks. Half the 
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spores from sporocytes in which such a 
crossover had occurred would have a de- 
ficiency and a duplication and (ordinar- 
ily) would be nonviable. Thus, in maize, 
if a zigzag arrangement of the chromo- 
somes at first meiotic metaphase was due 
to crossing-over between the centromere 
and the point of interchange, even the 
zigzag segregates would result in 50% 
sterility, just as in cases in which ad- 
jacent chromosomes went to the same 
pole. 

Evidently, zigzag configurations are 
not all due to crossing-over (with result- 
ing nonviable spores) in diploid and 
tetraploid wheat, because the percentage 
of sterility in plants with a ring of four is 
considerably less than half the percent- 
age of zigzag configurations. 

The frequency of individuals with the 
deficiency-duplication among the prog- 
eny of plants with Ring no. 12 (7%) indi- 
cates that the frequency of zigzag con- 
figurations of the chromosomes in the 
ring (or chain) was about 93% (possibly 
somewhat less, since the deficiency-dup- 
lication apparently reduced viability 
somewhat and since the chromosomes 
occasionally may have been oriented on 
the spindle in a different way). This de- 
gree of directed segregation approaches 
the percentage of fertility (89%) ob- 
served in plants with a ring (or chain) of 
four chromosomes (12). 

BURNHAM (2) reported a similar case 
of viable deficiency-duplication in maize 
arising from an interchange involving 
only a few chromomeres of the satellited 
chromosome. The deficiency-duplication 
behaved in a manner similar to that of 
the deficiency-duplication reported here- 
in and could presumably be used in the 
same manner. However, the transloca- 
tions of the B chromosome studied by 
ROMAN (g) may prove to be even more 
useful in determining linkage relations of 
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genes in maize, since crossing is so easily 
accomplished in this species. ANDERSON 
(1) has also pointed out the usefulness of 
interchanges in maize for the study of 
linkage relations, especially of factors for 
traits of economic importance. 

SEARS (10) reported a viable de- 
ficiency-duplication segregate from a 
ring of four chromosomes in the hexa- 
ploid wheat, Triticum vulgare. Plants 
with a deficiency-duplication should be 
fairly common in polyploid species of 
wheat, oats, tobacco, and others in which 
deficiencies of whole chromosomes or 
even pairs of chromosomes have been 
reported. In such polyploids, trisomes, 
monosomes, or nullisomes could prob- 
ably be used more efficiently than a de- 
ficiency-duplication complex in studies 
of linkage relations. However, duplicate 
and triplicate factors, as well as modi- 
fiers, will still complicate linkage studies 
in polyploids. 

Few cases of viable deficiencies in dip- 
loid species of plants have been recorded. 
The writer has observed a few instances 
of viable deficiencies resulting from X- 
ray treatments of mature pollen and dor- 
mant seeds of einkorn (unpublished ob- 
servations). Haplo-viable deficiencies in 
maize have also been reported by Stap- 
LER (15) to result from X-ray treatments, 
and CREIGHTON (3) and McC.Lintock 
(4, 5, 6) reported homozygous deficien- 
cies in the same species. Simple de- 
ficiencies, such as those reported by 
STADLER and by others, could be used, in 
the manner herein described, to deter- 
mine whether factors were located in the 
chromosome pair in which the deficiency 
was located and could be associated with 
additional chromosomes by means of in- 
terchanges. Similar use could be made of 
fragments of chromosomes, such as the 
telocentric chromosome in maize studied 
by RuoapEs (7), that could be connected 
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with any pair of chromosomes by an in- 
terchange. The usefulness of these aber- 
rations in locating genes will depend on 
the extent of the regions of the chromo- 
somes in which the transmission of the 
genes is altered. This extent will in turn 
depend upon the amount of crossing-over 
between the genes and the breaks, which 
can be determined only by experiment. 


Summary 


1. In the selfed progeny of plants of 
Triticum monococcum, heterozygous for a 
reciprocal translocation, about 93% of 
the plants appeared normal and about 
7% abnormal. The abnormal plants 
were somewhat smaller than normal sibs 
and had slightly defective pollen and 
some sterility. Approximately half the 
normal-appearing plants had seven pairs 
of chromosomes at meiosis, and the other 
half were heterozygous for the inter- 
change. Two types of configurations were 
observed at microsporogenesis in the ab- 
normal-appearing plants. In some pollen 
mother cells there were five pairs plus a 
chain of four chromosomes at first meta- 
phase; in other cells there were seven 
pairs. 

2. The evidence supports the assump- 
tion that the abnormal plants had re- 
ceived a gamete with a deficiency-dupli- 
cation resulting from the segregation of 
the chromosomes in the heterozygous in- 
terchange. The deficiency-duplication 
was transmitted by 30-40% of the fe- 
male gametes, but by very few of the 
male gametes. Twelve factors in five 
linkage groups were not influenced in 
their inheritance by the deficiency-dupli- 
cation. Two other factors were found to 
be greatly influenced in their transmis- 
sion by the deficiency-duplication. Thus, 
the complex helped to establish an ap- 
parently new linkage group. 
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3. The deficiency-duplication is of in- 
terest (a) because of its occurrence in a 
nonpolyploid species of wheat and (0) be- 
cause of the possibility that such an ir- 
regularity may be of value in determin- 
ing the inheritance and linkage relations 
of genes. The problem of associating the 
deficiency-duplication with other chro- 
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mosomes is discussed, and a diagram is 
presented showing how any third pair of 
chromosomes could be successfully linked 
with the complex by means of an inter- 
change. 
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MINERAL COMPOSITION OF BEAN STEMS TREATED 
WITH 3-INDOLEACETIC ACID 
BYRON C. BRUNSTETTER,' A. T. MYERS,’ JOHN W. MITCHELL,? 
WILLIAM S. STEWART,’ AND MURIEL W. KAUFMANS 


Introduction 


Application of 3-indoleacetic acid to 
stems of bean plants is followed by the 
movement of sugars and soluble nitrog- 
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Diseases; 5 Junior Chemist, Division of Soils, Fer- 
tilizers and Irrigation, Bureau of Plant Industry, 
Soils and Agricultural Engineering, Agricultural Re- 
search Administration, United States Department 
of Agriculture, Beltsville, Md. 


enous compounds from other parts of 
the plant to the treated region. Starch is 
hydrolyzed in the treated region, and 
correspondingly there is an increase in 
water-soluble carbohydrates (1, 5, 6, 7 
8, 11). 

This paper reports a study of changes 
in the amounts of nine inorganic elements 
in stems of bean plants following surface 
treatment with 3-indoleacetic acid. Zones 
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about 2 mm. wide located at the mid- 
points of the first internodes of young 
bean plants were coated with lanolin 
paste alone or with lanolin paste con- 
taining 2% 3-indoleacetic acid. Samples 
of the first internodes were taken at in- 
tervals after application and spectro- 
chemically analyzed. The objects of the 
investigation were (a) to determine when 
statistically significant differences oc- 
curred between the amounts of the in- 
organic elements in nontreated and 
treated stem sections and (0) to study the 
rates of accumulation of the different ele- 
ments in the treated sections. 


Material and methods 


The ‘‘Cal-approved” strain of Red 
Kidney bean (Phaseolus vulgaris) was 
grown in the greenhouse in clean quartz 
sand in 1-quart glazed crocks, each con- 
taining two plants. A nutrient solution 
with essential minor elements was sup- 
plied at suitable intervals. When the first 
internodes were about 16 mm. long, the 
plants were selected for uniformity of 
height and were divided into two groups. 
In the first group, lanolin alone was ap- 
plied in a zone approximately 2 mm. wide 
around the first internode, midway be- 
tween the first and second nodes. The 
second group of plants was similarly 
treated with a lanolin paste containing 
2% 3-indoleacetic acid. The treated and 
nontreated (control) plants were ran- 
domized on a greenhouse bench. Samples 
of first internodes were taken for analysis 
0,12, 30, 48, 72, 100, and 148 hours fol- 
lowing application. Up to and including 
the 30-hour sampling, forty plants each 
were taken for analysis from control and 
treated lots; thereafter twenty plants 
were taken each time from each group. 
Sampling was started at 9:00 A.M. on 
March 27. The daily light intensities up 
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to and including April 2 were: 452, 345, 
368, 545, 427, 115, and 509 gram- 
calories/cm?. 

At each sampling the lengths of first 
internodes and total plant heights were 
measured. Adherent lanolin was removed 
from control and treated stems by wiping 
the first internodes with a clean cloth. 
Then sections 1 cm. in length and includ- 
ing the treated regions were cut out of 
these internodes by means of two razor 
blades fastened 1 cm. apart in a wooden 
handle. After measurement of fresh and 
dry weights of the sections, each one was 
spectrochemically analyzed. 

Each dried stem section was placed in 
a carbon electrode suitably drilled at one 
end. The sections taken 48 hours or more 
following application had increased in 
dry weight to such an extent, however, 
that they had to be broken into two to 
four pieces which were weighed and 
handled as separate subsamples. The 
samples placed in the carbon electrodes 
were ashed at a temperature of 450° C. 
Each ash residue was evaporated in an 
electric arc, and the resultant line spec- 
trum was recorded photographically. In 
addition, each plate recorded spectra in 
triplicate for o.1-ml. aliquots from suitable 
dilutions of a standard solution. The con- 
centrations, expressed as micrograms per 
o.1 ml., of the nine elements present 
were: Ca, 157.8; Mg, 86.3; P, 251.6; K, 
977-4; Fe, 13.63; Mn, 4.30; Cu, 1.42; Al, 
12.0; and B, 0.736. The transmissions of 
lines for appropriate wave lengths for the 
different elements recorded on each plate 
were measured photoelectrically. From 
the calculated densities of standard lines, 
density-log concentration curves for each 
element were plotted. From knowledge of 
the line densities of these elements in 
sample spectra, the corresponding amount 
of a given element could then readily be 
determined. Additional details of the 
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spectrochemical procedure have been 
described (2, 3). 


Results 


GROWTH DATA 

Highly significant increases® in lengths 
of treated first internodes occurred ex- 
cept in samples taken 100 hours after 
application (table 1). Highly significant 
successive increases in total plant heights 
occurred only in samples taken 12, 30, 
and 72 hours following application. These 
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Fic. 1.—In control plants, relation between 
length (mm.) of first internode and length of re- 
mainder of plant follows a power law for first 100 
hours. This growth regularity was absent in treated 
plants (see table 1). 


differences apparently were not corre- 
lated with light intensities over the ex- 
perimental period. 

In the control plants the lengths of 
first internodes were related to total 
plant heights minus lengths of first inter- 
nodes in a way that can be closely de- 
scribed for the first 100 hours after appli- 
cation by equation (I) (fig. 1): 

y = 0.00000332 X3-® . (1) 


The maximum deviation observed 
from calculated values was less than 5%. 


6 A significant difference in all cases means sta- 
tistical significance at the 5% level. Highly sig- 


nificant differences have statistical significance at 
the 1% level or lower. 
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The equation indicates that, during the 
period considered, the first internode of 
an untreated plant elongated more rap- 
idly than the rest of the plant. A full dis- 
cussion of the growth of one part of an 
organism as related to the growth of 
other parts or to the whole organism has 
been given by HUXLEY (4) and by NEgp- 
HAM (9). The significant fact in this ex- 
periment is that there was a regular 
growth relation in control plants which 
was entirely lacking in the treated ones. 
Table 1 shows that during the interval 
from 30 to 48 hours treated plants did 
not increase either in length of first inter- 
node or in total height. 

Twelve hours after application and 
subsequently the treated stem sections 
showed highly significant increases in 
fresh weight as compared with control 
sections. In both groups the amount of 
water increased as a linear function of 
time, but the slope of the curve for 
treated sections was 7.2 times as great as 
the slope of the curve for untreated sec- 
tions. 


Treated sections: y = 38.44 1.0471 
S,=1.29, (ID) 


Untreated sections: y = 41.7 + 0.146 
S,=2.34, (ID 


where y is the average weight (mg.) of 
water in a section, ¢ is the time (hours) 
following treatment, and 5S, is the stand- 
ard error of estimate of y. 

The average height of untreated first 
internodes was also a linear function of 
time with a rate of increase of approxi- 
mately o.14 mm./hr. The increase in 
height paralleled the increase in water. 
In marked contrast, dry weights of 
treated sections increased exponentially 
with time (fig. 2). The empirical equation 
involved is 


W, =Woer™ (IV) 
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where W, is the average dry weight— 
4.95 mg.—before treatment and W, is 
the average dry weight (mg.) after ¢ 
hours of treatment. Observed weights 
deviated on the average from calculated 
values by 4.9%, with a maximum devia- 
tion of 8.2%. 

According to equation (IV), the dry 
weight increased 1%/hr., doubling after 
69 hours and quadrupling after 138 hours 
following application. The equation 
shows, moreover, that the per-hour rate 
of increase in dry weight was also ex- 
ponential with respect to time and was 
equal to 1% of the dry weight present at 
any given time. 

Table 1 and figure 2 show that changes 
in dry weights of untreated sections were 
slight and irregular. 


ANALYTICAL DATA 


The results of analyses for nine ele- 
ments (table 2) are stated as micro- 
grams per centimeter of stem length. 
The data are expressed on a unit-length 
basis, since questions involving rates of 
accumulation of absolute amounts of dif- 
ferent elements in the stem sections were 
of primary interest. A percentage basis 
would be confusing, since it would intro- 
duce an additional factor, dry weight, 
which—as figure 2 clearly shows—in- 
creased exponentially with time in treated 
sections and showed little or no change in 
controls. 

MacnesiuM.—Thirty hours after ap- 
plication of 3-indoleacetic acid, there was 
a highly significant increase in the mag- 
nesium content of treated stem sections 
as compared with control sections. The 
differences in subsequent samplings also 
were highly significant. Magnesium in- 
creased in the treated sections at a con- 
stant rate (fig. 3): 


Mg =3.5+0.29¢ Sug=1.92 (V) 
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PotassiuM.—After 30 hours of treat- 
ment, the potassium content of treated 
sections was greater than in controls. As 
with magnesium, the difference was high- 
ly significant and continued so through- 
out the experiment. Potassium also in- 


creased at a constant rate (fig. 3): 
K=116+7.12t Sx =61.0 (VD 


The observed value for 72 hours was only 
68% of the calculated value. Since the 
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Effect of 3-indoleacetic acid on dry 
weight (mg.) of midsections of first internodes of 
young bean plants. Dry weight of treated sections 
increased exponentially with time: W, = Woe". 


potassium content for untreated sections 
at this time was also low, some significant 
but temporary fluctuation in the environ- 
ment independent of the hormone treat- 
ment was apparently responsible. 
PHOsPHORUS.—The treated internodes 
contained more phosphorus 30 hours af- 
ter application than did the control sec- 
tions. In one set of samples this differ- 
ence was significant, but in a second set 
the increase lacked significance. All sam- 
ples taken after 48 hours or more of 
treatment showed highly significant in- 
creases. Phosphorus in treated stem sec- 
tions increased exponentially with time 








TABLE 1 


EFFECTS OF TREATING STEMS (MIDDLE OF FIRST INTERNODE) OF BEAN PLANTS 


WITH 2% 3-INDOLEACETIC ACID IN LANOLIN PASTE 


LENGTH OF 
FIRST INTERNODE 


TIME AFTER 
APPLICATION 
HR 
Con 
trol 
° 10.4 
12 17.2 
30 20.6 
48 23.0 
72 23-9 
100 30.6 
148 30.2 


* Significant at 1.0°; 


(MM.) 


Ireated| Diff 
20.3 | 3* 
27% 64 
26.9 | 4f 
30.0 7 

31.8 2 

R44 | ST 
level. 


TOTAL HEIGHT 


MM.) SECTIC 
Control Treated | Diff — 
trol 
87.3 ie 45 
89.7 94.6 5T | 48.0 
95.1 | 102.7 8f | 52.9 
100.8 | I¢2.0 I 55-9 
103.0 | 113.7 ray | $7.4 
114.9 | 114.7 ° 61.9 
£26:1 | 122.3 2 68.6 


t Signi icant a 


TABLE 2 


DRY WEIGHT (MG.) OF 


WET WEIGHT (MG.) OF 


SECTION I CM. 


IN I CM. IN LENGTH 
IN LENGTH 
on ne Con- |,, PP 
rreated Diff Treated) Diff 
trol 
ox 4.9 
54.1 6.17 5.2 5.2 0.0 
76.0 24.0f 5.6 7.0 47 
97.2 At 3F ee: 8.3 Ce 
123.6 66. 2t 5.0 | 10.0 5.of 
162.4 | 100.5T S36 | 14.7 g.1t 
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to. level 


RESULTS OF SPECTROCHEMICAL ANALYSIS OF KIDNEY BEAN STEMS TREATED WITH 
2% 3-INDOLEACETIC ACID IN LANOLIN, WITH CONTROLS 
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for the first 100 hours of treatment (fig. 


3)- 


> = 20.81 ¢9-0135¢ (VII) 


The average deviation of the calculated 
values was 5.7% of the observed ones. 
A maximum deviation of 11% occurred 
in the 72-hour sample. 

MANGANESE.— A significant increase in 
the manganese content of treated stem 
sections was noted 30 hours following ap- 
plication of 3-indoleacetic acid. All sub- 
sequent differences were highly signifi- 
cant. The data strongly suggest that 
manganese accumulated in the treated 
sections as a linear function of time. 
Relatively poor precision in the spectro- 
chemical determination of this element 
prevented critical evaluation of this rela- 
tion. 

CoppER.—Increases in copper content 
of treated compared with untreated stem 
sections were first significant 48 hours 
after application. Subsequent increases 
were all significant except for the 100- 
hour samples, in which there was an 
unusual variability in the analyses. 

IRON.—Seventy-two, 100, and 148 
hours after application highly significant 
increases in iron occurred in treated sec- 
tions in comparison with controls. 

ALUMINUM.—Samples_ taken from 
treated sections after 72 and too hours 
were significantly greater in their alu- 
minum content than control sections. 
The marked increases in both control and 
treated sections in the interval from 100 
to 148 hours are noteworthy. 

Boron.—At the 30-hour sampling and 
thereafter, significant increases occurred 
in the boron content of treated as com- 
pared with control sections. The data 
show that the absolute value of the 
boron present in the control sections de- 
creased regularly with time, which pos- 
sibly indicates that it was translocated to 
the growing points. On the other hand, 
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the boron content of treated sections in- 
creased with time. It should be pointed 
out that the values for boron recorded in 
table 2 were obtained by extrapolation 
of the standard curves, since the boron 
content in the samples was less than that 
of the highest dilution of the stock solu- 
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Fic. 3.—Above, effect of 3-indoleacetic acid on 


amounts of P, Mg, and K in midsections of first in 
ternodes of young bean plants (for relatively slight 
changes in untreated plants see table 2). Below, effect 
on calcium content. Abscissae are same in both 
graphs. 
tion. Recording the data to the fourth 
decimal place was considered justifiable 
in view of the differences so revealed. 
Catcium.—In contrast to the other 
elements measured, calcium did not, 
with one exception, show any significant 
increases in content as a result of treating 
stems with 3-indoleacetic acid. One of 
two subsamples for the 72-hour sam- 
pling showed unusually small variability 
and hence a highly significant difference. 
Calcium accumulated in both treated 
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and control sections as an exponential 
function of time (fig. 3). The equations 
are: 


Treated sections: Ca = 8.66 ¢°-0186! 
Sca = 3.97, (VITD 


Control sections: Ca = 7.80 e°-178! 
Sc, = 3.97. (IX) 


Discussion 


It is obvious that the increased growth 
stimulated by the application of 3-indole- 
acetic acid required the participation of 
numerous enzyme systems. A striking 
phase in the recent development of bio- 
chemistry has been the recognition that 
various metals are essential to many 
enzymes either as components or as ac- 
tivators. Furthermore, in some cases a 
metal may strongly inhibit an enzyme 
(12). Thus carboxylase is a diphospho- 
thiamin-Mg-protein compound, enolase 
is a Mg-protein compound, polyphenol 
oxidase is a Cu-protein compound, while 
iron enters into the structure of catalase, 
peroxidase, the cytochromes, cytochrome 
oxidase, and cytochrome peroxidase. 
Magnesium, calcium, and manganese ac- 
tivate a number of enzyme systems. 
Catalysed additions of the phosphate 
radical to, and subtraction from, various 
molecules are attended by important 
energy changes. 

One would then expect that growth of 
bean stems stimulated by the application 
of 3-indoleacetic acid would involve the 
mobilization and accumulation of various 
metals, quite apart from the participa- 
tion of the elements in protoplasmic 
structure (e.g., phosphorus in phospholi- 
pids and nucleoproteins). 

Highly significant increases in potas- 
sium, magnesium, manganese, and boron 
were detectable 30 hoyrs following appli- 
cation of 3-indoleacetic acid. By this 
time, the initial dry weight of treated 
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stem sections had increased 43%, as con- 
trasted to 14% for control sections. 
Prior to the very significant increase in 
dry weight demonstrated after 30 hours, 
there was a highly significant increase in 
fresh weight within 12 hours after appli- 
cation. 

In comparison with other elements in 
the treated sections, mobilization and 
accumulation of copper and iron were 
delayed. It is probable that the use of 
more precise analytical methods and 
greater care in guarding against con- 
tamination of the samples by extraneous 
iron would have resulted in the demon- 
stration of a significant increase in iron 
after 48 hours of treatment. On the basis 
of the present data, however, it appears 
that the demands on enzyme systems in- 
volving iron and copper were not so great 
in the early stages of growth as on 
enzyme systems involving magnesium 
and manganese. 

The exponential rate of increase for 
phosphorus in treated sections for the 
first 100 hours is, of course, directly re- 
lated to the exponential increase in dry 
weight. In fact, the rate constants are 
about the same, i.e., 1% per hour. 

Microscopic examination of treated 
stem sections showed that an increasing 
number of cells became meristematic 
during the period of the experiment. In 
spite of this qualitative difference be- 
tween treated and untreated tissue and a 
marked difference in the amount of solid 
material involved per unit length of 
stem, the accumulation of calcium was 
not significantly different in treated and 
untreated stems. That meristematic tis- 
sue has a low calcium requirement is 
shown by the work of THopay (13), who 
found a scarcity of calcium and an ab- 
sence of calcium oxalate in the apical 
meristem of Kleinia. Scotr (10) ob- 
served that the apical meristem of 





a 2 ae) 66 6” A) OC Ce 


for 
the 





1948] BRUNSTETTER ET AL.—MINERAL COMPOSITION 275 


Ricinus communis also was completely 
free of calcium oxalate crystals and com- 
mented: “It may be expected that micro- 
chemical analysis will indicate a lower 
and a higher calcium content in apical 
meristem and differential regions, respec- 
tively.”” CurRAN et al. (3) found that the 
calcium content of bacterial spore-form- 
ers was much lower in growing vegetative 
cells than in dormant spores. 


Summary 


1. Lanolin paste alone or lanolin paste 
containing 2% 3-indoleacetic acid was 
applied to the surface of middle portions 
of the first internodes of young bean 
plants (Phaseolus vulgaris) in a ring 
about 2 mm. wide. 

2. Following this treatment, 1 cm. sec- 
tions including the treated portions were 
removed at intervals of 1, 12, 30, 48, 72, 
100, and 148 hours. Twenty to forty sec- 
tions of both control and treated stems 
were taken at each interval to allow sta- 
tistical determination of the significance 
of any differences that appeared. 

3. Each section, after determination of 
fresh and dry weight, was analyzed spec- 
trochemically for content of potassium, 
magnesium, calcium, phosphorus, iron, 
manganese, copper, aluminum, and bo- 
ron. The data were expressed as micro- 
grams per centimeter section. In addi- 
tion, linear growth data were recorded 
and analyzed. 


4. During the 6-day period, water in 
both control and treated stem sections 
increased linearly with time. The dry 
weight increases in untreated sections 
were slight and irregular; however, in the 
treated sections the dry weight increased 
exponentially with time. 

5. Highly significant increases in po- 
tassium, magnesium, manganese, and 
boron in treated sections, as compared 
with the untreated ones, were first ob- 
served 30 hours after application. Potas- 
sium and magnesium in treated sections 
increased linearly with time, while 
changes in manganese and boron were 
irregular. 

6. Phosphorus in the treated sections 
increased exponentially with time; the 
first significant increase was detected 48 
hours following application. Copper also 
showed the first significant increase after 
48 hours. The difference in iron content 
was certain only after 72 hours of treat- 
ment. Only in samples taken after 72 and 
100 hours of treatment were there sig- 
nificantly greater amounts of aluminum 
in treated sections. 

7. In both control and treated stem 
sections, calcium increased exponentially 
with time; the differences in amounts be- 
tween treated and control stems were 
statistically insignificant. 


PLANT INDUSTRY STATION 
BELTSVILLE, MARYLAND 
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CONTRATOXIFICATION! OF PLANT GROWTH-REGULATORS 
IN SOILS AND ON PLANTS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 696 


ROBERT J. WEAVER 


Introduction 

After plant growth-regulators have 
been applied to certain soils, in some in- 
stances they have persisted in them for 
so long a period that the cropping sched- 
ule has been seriously interfered with. 
CRAFTS (2) stated that planting of sum- 
mer field crops in California was scarcely 
under way in 1945 before reports came in 
of failures on areas sprayed with 2,4-di- 
chlorophenoxyacetic acid (2,4-D). In 
such cases methods of decreasing toxicity 
of the compounds in the soil, or complete 
elimination of toxicity, would be of im- 
portance. 

It is often difficult to confine spray or 
dust applications of growth-regulators to 
the intended area. Sprays and dusts may 
drift considerable distances. A means of 
protecting the aerial parts of plants from 
the toxic effects of growth-regulators 
therefore would be of value. 


* “Contratoxification”’ as used in this paper refers 
to the application of absorbents, adsorbents, or ion 
exchangers to soils or parts of plants in order to 
accomplish partial or complete elimination of the 
toxic effects of plant growth-regulators on plants. 


Several investigators (3, 12) have dem- 
onstrated that various growth-regulators 
differ in degree of toxicity and in persist- 
ence of their toxicity in soils. Such studies 
are of importance, as the desired length 
of persistence of toxicity is dependent on 
the particular use to which a herbicide 
is put. For example, if soil sterilization 
for a long period is sought, then a 
growth-regulator of long persistence 
should be selected. 

A recent study indicates that, when 
2,4-D) is added to soil several weeks be- 
fore planting of a crop, stimulation of 
crop growth may result as well as a high 
degree of weed control (12). Such find- 
ings may result in an increased use of 
2,4-D applied to soil before planting or 
before plants have emerged (pre-emer- 
gence treatments). For this use growth- 
regulators of high toxicity and of rela- 
tively short duration in the soil might be 
of great value. 

The purpose of the experiments de- 
scribed in this paper was to devise means 
of decreasing or eliminating the toxic ef- 
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fects of plant growth-regulators applied 
to the soil or to the aeria) parts of plants. 
The toxicity and persistence of toxicity 
of several growth-regulators under green- 
house and field conditions were also 
studied. 


Persistence of growth-regulators in 
soil and their contratoxification 


PERSISTENCE IN THE GREENHOUSE 


MATERIAL AND METHODS.—The soil 
used was a 3:1 mixture by volume of a 
silt loam with coarse sand. The initial 
moisture content was about 18.2% and 
the pH value about 8.1. The moisture 
equivalent was 10.3% as determined by 
the centrifuge method. 

The following compounds obtained 
from commercial sources were used for 
experimentation: 2,4-D, butyl ester of 
2,4-D (BE 2,4-D), 2,4,5-trichlorophe- 
noxyacetic acid (2,4,5-T), O-isopropy] 
N-phenylcarbamate (IPPC), and copper 
2,4-dichlorophenoxyacetate [Cu(2,4-D),|. 
The latter substance may have been a 
complex of several compounds but is 
hereafter arbitrarily referred to as 
Cu(2,4-D),. 

Each of the five compounds in 6-gm. 
or 0.6-gm. quantities was separately dis- 
solved in 100 ml. of ethyl alcohol. The 
solutions were then thoroughly stirred 
into 1-kg. lots of white quartz sand. On 
June 6, 1946, after the alcohol had 
evaporated, each batch of sand was thor- 
oughly mixed with separate lots of soil 
of about 26.3 kg. each. Thus the growth- 
regulators were present in the soil at con- 
centrations of 22 or 220 p.p.m., based on 
the dry weight of the soil. Quartz sand 
containing no growth-regulator was 
mixed with one Jot of soil for a control. 

About two-thirds of each lot was im- 
mediately stored in wooden boxes in a 
room, adjacent to the greenhouse, in 
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which no great temperature fluctuations 
occurred. Water was added occasionally 
to keep the soil in a moist condition. Dur- 
ing the months of February, March, and 
April, 1947, however, it was air-dry. 

The remaining one-third of each lot 
of soil was divided into ten aliquots. Each 
aliquot was placed in a 5-inch, white 
glazed pot of one-half gallon capacity, 
which had been provided with a glass- 
wool stopper over the drainage hole and 
one-fourth filled with coarse sand. Thus 
there were two concentrations of each 
of the five compounds and a control, each 
replicated ten times. The filled pots were 
placed on a greenhouse bench, and on 
June 6 five seeds of Red Kidney bean, 
ten of white mustard, and twelve of bar- 
ley were planted in each crock. 

On June 27 and November 16, 1946, 
and on May 7, 1947, aliquots of soil were 
removed from the wooden boxes and 
were similarly planted, except that there 
were only five replicates at the last plant- 
ing. Plants of the May 7 planting were al- 
lowed to grow until September 2, 1947. 
At this time the old plants, which had 
produced fruit and then dried out, were 
pulled free from the soil, and the pots 
were replanted. This planting on Sep- 
tember 2 was the fifth and final planting. 

Rate and percentage of emergence of 
seedlings were used as primary criteria 
for judging the toxicity of the compounds 
in the soil, although further growth was 
also considered. The data were calculated 
in percentages, on the basis that controls 
equaled 100% (fig. 1). Emergence counts 
were made from 8 to 17 days after plant- 
ing, depending on the weather conditions 
controlling the rate of growth. The pots 
were watered frequently to promote 
growth but not heavily enough to result 
in leaching. 

OBsSERVATIONS.—After the first plant- 
ing, barley emerged in all pots except 
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Fic. 1.—Percentages of emergence of test plants on indicated dates from treated and untreated soil stored 
since June 6, 1946. Germination of controls considered as 100%. Soil treatments: A, 2,4-D; B, BE 2,4-D; 
C, 2,4,5-T; D, Cu(2,4-D).; and E, IPPC. Left bar of each pair represents emergence from soil containing 
one compound at concentration of 22 p.p.m. and right bar at 220 p.p.m. Replanting of pots of fourth planting 
comprised final planting. 
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those containing IPPC. This situation 
was reversed in the case of Red Kidney 
bean and mustard (fig. 1). This difference 
in response of grasses and nongrasses to 
IPPC has been reported by several in- 
vestigators (1, 12, 13). 

Eleven days after the first planting, 
barley plants in all pots containing the 
low concentration of 2,4-D, Cu(2,4-D),, 
BE 2,4-D, or 2,4,5-T were only about 
one-half as tall as controls—which were 
3 inches in height—the leaf tips were 
browning, and root systems were small. 
The tops of barley plants in soil contain- 
ing the high concentrations of the same 
compounds were merely white coleop- 
tiles ¢ inch high. Ten days later all barley 
plants were dead and dried. Germination 
of mustard seeds in soil containing the 
low concentration of IPPC was much re- 
tarded compared with that of controls. 
Soil originally containing 22 p.p.m. of 
IPPC was the only treated lot in which 
normal kidney-bean plants developed at 
the first planting. Three weeks after 
planting, several small bean plants 
emerged from soil which originally con- 
tained 220 p.p.m. of IPPC. Their cotyle- 
dons came just above the soil surface, 
and the small primary leaves had Jess sur- 
face area than the cotyledons. The first 
internodes were only 3 or 4 mm. long. 

Only the soil treated with IPPC 
showed a marked decrease in toxicity 
after 12 days of storage. All species in the 
second planting grew normally in soil 
originally containing 22 p.p.m. of IPPC. 

Following the third planting seeds 
germinated slowly, and counts were not 
made until 17 days after planting. Barley 
grew normally in all soil except that 
originally treated with 220 p.p.m. of 
2,4,5-1, in which the seedlings were much 
stunted. The growth of mustard plants 
indicated that the soil lot containing 
2,4,5-f was more toxic than any of the 


others, a condition not borne out by later 
experiments in the field. The soil con- 
taining Cu(2,4-D), was second highest 
in degree of toxicity (fig. 1). Germination 
and subsequent growth of beans from 
the planting of November 16, 1946, were 
extremely slow and uneven, probably 
because of low light intensities then prev- 
alent in Chicago. It was evident, how- 
ever, that 2,4,5-T was by far the most 
persistent of the five compounds studied. 

During the period from November 16, 
1946, to May 7, 1947, there was further 
decrease of toxicity in some of the soil 
lots. In the planting of May 7 Red Kid- 
ney beans which emerged from soil con- 
taining 2,4,5-T failed to produce normal 
root systems. 

Between May 7 and September 2, 
1947, toxic effects had disappeared in all 
lots except that treated with the high 
concentration of 2,4,5-T. In the latter 
soil barley coleoptiles } inch in height 
showed above the surface 7 days after 
planting on September 2. Barley in other 
pots was then about 4 inches high. 


PERSISTENCE IN THE FIELD 


MATERIAL AND METHODS.—A lowland 
muck soil near Williams Bay, Wisconsin, 
was used. The surface few inches dried 
out rapidly after rains, although moist 
soil was always present at a depth of 2 
or 3 inches. The moisture equivalent was 
30.8% as determined by the centrifuge 
method, and the pH value about 8.0. Be- 
fore treatment the soil was plowed, 
dragged, and raked in order to prepare a 
seed bed containing no large clods. 

Thirty-one grams of 2,4-D, 35.8 gm. 
of 2,4,5-T, 35.3 gm. of Cu(2,4-D)., or 
38.9 gm. of BE 2,4-D were dissolved in 
ethyl alcohol. The solutions were thor- 
oughly mixed with 1600-gm. amounts of 
white quartz sand, and then the alcohol 
was allowed to evaporate. 
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Fifteen plots 10 X 5 feet were laid out 
so that a randomized block design could 
be used. There were 5-foot border rows 
between plots. On June 21, 1947, 200 gm. 
of each of the sand-growth-regulator 
mixtures were scattered uniformly over 
separate plots. Each treatment was 
replicated three times, and three plots 
were left untreated as controls. The soil 
was lightly raked so that the sand was 
mixed with the upper 3 inch. Thus plots 
were treated at a rate of 7.4 lb./acre of 
2,4-D, 8.4 lb. of Cu(2,4-D),, 8.5 Ib. of 
2,4,5-T, or 9.3 lb. of BE 2,4-D so that 
relatively equivalent amounts of the 
toxic principle of 2,4-D were applied. 

Immediately after treatment one- 
fourth of each plot was planted with for- 
ty seeds of soybean and sixty-eight grains 
of Sudan grass, sowed in two 4-foot rows, 
7 inches apart, of each type of seed. On 
July 3, 1947, a second planting was made, 
including one row of Red Kidney bean 
(twenty-five seeds) and one row of white 
mustard (fifty seeds) in addition to soy- 
bean and Sudan grass. Similar plantings 
were made on July 17, July 28, and Au- 
gust 5. All] plantings were in the same 
one-half portion of each plot, which was 
possible, since later plantings were made 
after crops from early plantings had been 
harvested. Weeds were allowed to de- 
velop on the other half of each plot in 
order to observe the effectiveness of weed 
control. 

Twelve to 22 days after planting, de- 
pending on the weather conditions con- 
trolling the rate of growth, emergence 
counts were made. Fresh weights of tops 
were obtained from 18 to 26 days after 
planting. At the time of harvest kidney 
beans and soybeans in control plots had 
usually expanded two trifoliate leaves, 
mustard plants were about 4 inches tall, 
and the average foliage height of Sudan 
grass was about 4 inches. The data were 
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calculated on a percentage basis and 
graphed (fig. 2). 

On July 28, 37 days after the soil was 
treated, weeds in the unplanted portions 
of the plots were harvested, and the fresh 
weight of tops in an area 50 X 40 inches 
was obtained. 

WEATHER.—Precipitation and tem- 
perature records were obtained from the 
Yerkes Observatory, Williams Bay, Wis- 
consin, which is about 2 miles south of 
the experimental area. Inches of precipi- 
tation in 1947 and mean monthly rainfall 
for a period of 29 years (shown in paren- 
theses) were as follows: June, 4.67 (3.66); 
July, 3.33 (3.37); August, 1.40 (3.78); 
and September, 4.47 (3.83). Rainfall was 
normal during the latter part of June and 
during July, but there was a deficit of 
2.38 inches below normal for August. 
From July 28 to August 29 only 0.65 inch 
of rain fell. During this period germina- 
tion of seeds occurred very slowly. 

The season was characterized by al- 
most normal temperatures except during 
August, which had the highest mean 
temperature for this month in 29 years. 
Monthly temperatures (in °F.) were as 
follows, with the 29-year mean shown in 
parentheses: June, 64.2 (67.6); July, 70.3 
(72.9); August, 78.1 (70.9); and Sep- 
tember, 66.6 (63.5). The extremely high 
temperatures of August coincided with 
the drought during this period. 

PERSISTENCE OF COMPOUNDS.—Sudan 
grass from the first planting in untreated 
plots had an average foliage height of 
about 10 inches at harvest time. In plots 
treated with 2,4,5-T it was about one- 
half as tall, and in the other treated plots 
the tops usually were merely reddish 
coleoptiles }-} inch long. Control soy- 
beans were in the first or second trifoliate 
leaf stage and about 43 inches high at 
harvest time. A few soybeans in plots 
treated with 2,4,5-T grew normally, al- 
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though most failed to emerge. Stunted 
soybeans in plots treated with 2,4-D and 
Cu(2,4-D), were about 2 inches tall and 
had crinkled leaves with abnormal vena- 
tion. The number of emerging plants and 
fresh weight of tops were calculated as 
percentages of the control values con- 
sidered as 100% (fig. 2). 


100- Soybean 


toxic compound to kidney beans. Plants 
in plots treated with 2,4-D, Cu(2,4-D),, 
and BE 2,4-D were about one-half as tall 
as controls—which were 8 inches in 
height—and showed abnormal leaf de- 
velopment induced by the growth-regu- 
lators. 

The development of plants from the 
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Fic. 2.—Percentages of emergence (/eft bar of each pair) and of fresh weights of tops (right bar) of plants 
growing in field soil previously treated with (A) 2,4-D, (B) BE 2,4-D, (C) 2,4,5-T, or (D) Cu(2,4-D);. Per- 
centages calculated on basis that controls equaled 100%. 


Development of Sudan grass and soy- 
beans from the second planting was sim- 
ilar to that from the first. In fact, the 
soil toxicity seemed greater at the second 
planting as judged by fresh weight of 
tops produced (fig. 2). Soil treated with 
2,4,5- was the least toxic; that treated 
with BE 2,4-D the most so. Red Kidney 
beans emerged in all plots, being much 
more tolerant of the growth-regulators 
than soybeans. 2,4,5-I was the least 


third planting indicated that the toxicity 
of the growth-regulators had decreased 
between July 3 and July 17. The growth 
of soybeans showed soil treated with 
2,4,5-T to be the least toxic, that with 
BE 2,4-D the most so. The fresh weight 
of tops of Sudan grass and the emergence 
and fresh weight of tops of mustard were 
confirmatory (fig. 2). Red Kidney beans 
developed well in all plots except those 
which had received applications of BE 
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2,4-D. Deformation of the leaves was 
much less at this planting than in the 
earlier ones. 

The loss of toxicity from soil between 
July 17 and July 28 was small. Emer- 
gence and fresh weight of tops of soybean 
and Sudan grass were about the same in 
the fourth as in the third planting, ex- 
cept that plants in plots treated with 
2,4,5-l made more growth from the 
fourth planting. There was little growth 
of mustard in treated plots except in 
those to which 2,4,5-T had been applied. 

TABLE 1 
FRESH WEIGHT (GM.) OF TOPS OF WEEDS 37 DAYS 

AFTER SOIL HAD RECEIVED SURFACE APPLI- 

CATIONS OF GROWTH-REGULATORS. AVERAGE 

OF THREE REPLICATE PLOTS 


Broad- Yellow 


Treatment | leaved bristle Total 
| plants | grass 
None. 545.8 564.6 1110.4 
2,4-D. Sond OL 105.t | 305.8 
Cu(2,4-D).....| 161.1 27.6 | 188.7 
2.4,6-1 ... . | 439.1 365.1 | 804.2 
BE 2,4-D... | 98.0 21.t | 119.1 


Drought and high temperatures during 
this period probably were associated with 
the small decrease in toxicity in the soil 
and with the poor plant growth. Kidney 
beans grew well. The primary leaves of 
soybeans and kidney beans in plots 
treated with 2,4-D, Cu(2,4-D)., or BE 
2,4-D were abnormally veined and crin- 
kled, but otherwise the plants appeared 
normal. 

Data from the fifth planting in many 
cases showed larger values for emergence 
counts and fresh weight of tops than 
those of the fourth planting. Soybeans 
and kidney beans grew normally (except 
for crinkled primary leaves) in all treat- 
ed plots except those treated with BE 
2,4-D from which a lower percentage of 
emergence and fresh weight of tops were 
usually obtained. Growth of mustard 


[MARCH 


was much inhibited in all treated plots, 
although 2,4,5-T was the least toxic. 
Growth of Sudan grass was uneven, but 
there was indicated a decrease in toxicity 
in the soil treated with Cu(2,4-D), as 
compared with that of the fourth 
planting. 

WEED CONTROL.—On July 28, when 
weeds were harvested, control plots had 
a dense stand of weeds about 13 inches 
high. The principal species were: com- 
mon purslane (Portulaca oleracea L.), 
yellow bristle grass (Setaria Jlutescens 
[Weigel] F. T. Hubb.), lamb’s-quarter 
(Chenopodium album L.), galinsoga (Ga- 
linsoga parviflora Cav.), pigweed (A mar- 
anthus retroflecus L.), and common chic- 
ory (Cichorium intybus L.). Yellow bris- 
tle grass, common purslane, and galin- 
soga were flowering. The application of 
2,4,5-T resulted in only a small decrease 
in growth of weeds (table 1). The treat- 
ment with BE 2,4-D gave excellent con- 
trol. Nevertheless, a few stunted plants 
of yellow bristle grass and galinsoga 
flowered. The density of weeds in plots 
treated with 2,4-D or Cu(2,4-D), was 
only about one-fourth that of control 
plots, so that fair control was obtained. 
There were many plants of yellow bristle 
grass 2-4 inches high which had devel- 
oped no normal root systems in the plots 
treated with 2,4-D or Cu (2,4-D),. These 
plants apparently absorbed water 
through the stubby roots at the crown 
which in many cases had formed tumors. 


CONTRATOXIFICATION OF 2,4-D IN SOIL 


Two types of experiments were per- 
formed in an attempt to eliminate or to 
decrease the toxicity of 2,4-D in soils. 
In the field, toxic soil was spaded 
(plowed), and in the field and greenhouse 
a cation exchanger, Zeo-Karb H, or an 
adsorbent, Norit A (activated charcoal), 
was mixed with it. The Zeo-Karb H was 
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obtained in granular form from the Per- 
mutit Company and the Norit A as a 
dust from the Pfanstiehl Chemical Com- 
pany, Waukegan, Illinois. The high ad- 
sorptive capacities of Zeo-Karb H and 
Norit A for 2,4-D from aqueous solutions 
have been previously reported (7, 14). 

SPADING.—On July 4 about 1700 gm. 
of sand—2,4-D mixtures were uniformly 
applied to each of four 18 X 18-foot plots 
adjacent to the field persistence experi- 
ment, at rates equivalent to 0, 10, 25, or 
50 lb. of 2,4-D per acre. The sand was 
lightly raked into the upper 3 inch. On 
July 10a 6 X 3-foot portion of each area 
was spaded to a depth of about 6 inches. 
The soil was thus inverted as in plowing. 
The surface was then raked to make a 
seed bed. At the same time another 6 X 3 
portion in each plot was left without 
spading but was raked lightly to produce 
a seed bed. Between the time of treat- 
ment with 2,4-D and spading or raking, 
1.05 inches of rain fell. In each plot fifty 
seeds of soybean and of Red Kidney bean 
were uniformly planted at a depth of 
about 13 inches. On July 29 emergence 
counts were made, and on August 14, 35 
days after planting; fresh weights of tops 
were obtained (table 2). 

Spading (plowing) tended to decrease 
the toxicity of 2,4-D. At harvest time 
kidney beans in control plots had formed 
flower buds, and soybeans were flower- 
ing. Those in the spaded portion of the 
plot treated at the rate of 25 lb. of 2,4-D 
per acre appeared normal except for ab- 
normal venation of their primary leaves. 
Those in the spaded plot treated with 
50 lb./acre were severely stunted. These 
data conclusively show that the equiva- 
lent of spading (plowing) alone did in all 
cases at least lessen the toxic effects of 
2,4-D. In unspaded soil the growth-regu- 
lator remained in the upper few inches, 
as is subsequently pointed out, and hence 


spading probably decreased the concen- 
tration of the compound by placing some 
soil containing no growth-regulator at 
the surface. 

The penetration of ammonium 2,4-di- 
chlorophenoxyacetate [NH,(2,4-D)] ap- 
plied at a rate of 10 lb./acre and of 2,4-D 
applied at three rates was determined. 
Six and 29 days after application a hole 
about 1} feet in diameter and 2 feet deep 


TABLE 2 


NUMBER OF PLANTS WHICH EMERGED FROM 
SPADED AND UNSPADED SOIL PREVIOUSLY 
TREATED WITH 2,4-D. FRESH WEIGHT (GM.) 
OF TOPS DETERMINED 35 DAYS AFTER PLANT- 
ING 


KIDNEY BEAN | SOYBEAN 
TREATMENT - 
(LB./ACRE OF 
2,4-D) | No. | Weight | No Weight 
emerged | of tops | emerged of tops 
‘ Unspaded 29 | 564.2 | 27 97.8 
Spaded | 28 | 611.5 33 196.5 
; Unspaded. . 23 | 165.4 | 18 11.1 
Spaded 35 484.7 | 16 46.6 
- Unspaded. . . r| <a ) ° 
>| Spaded 23 | 183.6 7 ° 
| 
a Unspaded ° ° ° ° 
>” | Spaded II 12.2 9 ‘3 


was dug in each treated area. Samples of 
soil were taken from the sides of the holes 
at depths of o—3, 3-6, 6-9, 9-12, 12-18, and 
18-24 inches. Each sample was mixed 
with one-third by volume of coarse sand 
and placed in two 2-inch, unglazed clay 
pots. About twenty-five seeds of white 
mustard were planted in each pot. 
Character of germination of the seeds 
was the criterion of relative toxicity in 
the soil. The results showed that, with 
one exception, growth-regulators present 
in quantities toxic to mustard seedlings 
were confined to the upper 3 inches of 
soil. 2,4-D was also present in the 3-6- 
inch layer of soil in the plot treated at a 
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rate of 50 lb./acre. The relatively soluble 
ammonium salt failed to penetrate more 
deeply than the comparatively insoluble 
acid, which is in agreement with a previ- 
ous study concerning degree and rate of 
leaching of several growth-regulating 
compounds (14). 

FIELD APPLICATION OF ZEO-KARB H. 

On July 4 a white quartz sand—2,4-D 
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control plot, and in a plot previously 
treated only with 2,4-D. 

Emergence counts and fresh weight of 
tops of plants showed that Zeo-Karb H 
had eliminated toxic effects to plant 
growth. At the time of harvest, 33 days 
aiter planting, all plants were flowering 
except those in soil to which only 2,4-D 
had been added and from which seedlings 


TABLE 3 


IX-MERGENCE COUNTS AND FRESH WEIGHT (GM.) OF TOPS OF KIDNEY BEAN AND WHITE MUSTARD 
FROM SOIL PREVIOUSLY TREATED WITH 2,4-D. ZEO-KARB H OR NORIT A MIXED WITH SOIL 
1 DAY BEFORE PLANTING. AVERAGES OF THREE REPLICATES 


AMOUNT OF CONTRA 


No 2,4-D appEb 2,4-D ADbED 
TOXICANT USED 
PREATMENT Bean Mustard Bean Mustard 
P.p.t Lb./Acre* 
No. Wt. No Wt. No. Wt No. Wt 
emerged of tops |emerged of tops emerged of tops |emerged of tops 
Control ° ° 4.3 8.2 Pig 0.43 ° ° ° ° 
81,252 49,520 ‘7 12.1 8.7 0.43 4.3 8.4 | 9.0 0.35 
160,383 9,904 4.7 13.9 8.7 0.51 4.7 11.0 11.0 0.57 
Norit A 8,192 4,952 4:9 10.8 10.3 0.70 3:7 9.3 it.3 0.52 
S19 495 4.7 Ir.0 9.3 0.44 4.7 10.9 4.3 O.1!I 
218 132 5.0 8.7 IIl.0 0.58 ee | 6.5 0.3 ° 
81,252 49,520 4.0 6.8 8.7 0.390 423 He ° 0.0! 
Zeo-Karb P 16,383 9.904 5.0 8.9 8.0 0.30 t.3 2.6 ° eC 
8,192 4,952 ac% eS 10.0 0.39 0.7 ° ° ° 
819 405 4.3 2.7 | 35.00 0.58 ° ° ° ° 
Approximate values calculated on basis that compounds were applied as surface application. 
mixture was applied to a 5 X 15-foot had failed to emerge. There were no 


plot on lowland soil at a rate equivalent 
to 10 lb. of 2,4-D per acre. Six days later 
3500 gm. of Zeo-Karb H were uniformly 
applied to a 3 X 4-foot plot of the treat- 
ed soil, and a similar quantity to an un- 
treated plot. The ion exchanger was thor- 
oughly mixed into the soil by raking to a 
depth of about 4 inches. On July 10 and 
11 the areas were heavily watered. On 
July 12 twenty-five seeds of Red Kidney 
bean, twenty-five of soybean, and fifty 
of white mustard were uniformly planted 
in each of these plots, in an untreated 





weeds growing in the latter area, but, 
where Zeo-Karb H had eliminated the 
toxicity of 2,4-D, plants of common 
purslane covered most of the soil surface. 
The data of this experiment clearly 
show that Zeo-Karb H will eliminate the 
toxic effects of 2,4-D in one field soil. The 
rates used, however, were far too great 
to be economically practicable. 
GREENHOUSE EXPERIMENT WITH ZEO- 
KarB H aAnp Norit A.—The purpose 
was to determine the effectiveness of 
small amounts of Zeo-Karb H and Norit 
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A in eliminating the toxic effects of 
2,4-D in soil. A silt loam soil was mixed 
with coarse sand in the proportion of 3:1. 
The reaction of the mixture was about 
pH 8.0. Ao.39-gm. quantity of 2,4-D was 
dissolved in ethyl alcohol and the solu- 
tion mixed with 1080 gm. of white quartz 
sand. After the alcohol was allowed to 
evaporate, the sand—2,4-D mixture was 
thoroughly incorporated with 15.4 kg. of 
the soil. The resulting mixture contained 


after watering, five seeds of Red Kidney 
bean and fifteen of white mustard were 
planted in each pot. They were watered 
as necessary to provide conditions for 
growth. 

On September 14, 9 days after plant- 
ing, emergence counts were made, and 
fresh weight of tops obtained (table 3, 
fig. 3). Plants in all pots containing no 
2,4-D grew normally. Norit A was very 
effective in eliminating the toxic effects 





lic. 3.—Growth of kidney beans and white mustard in soil treated with 24 p.p.m. of 2,4-D. Control soil 
at left; other pots (left to right) also contained 8,192, 819, 218, or o p.p.m. of Norit A mixed with soil 1 day 
before planting. Lowest concentration of Norit A decreased toxicity of soil. Photo taken 8 days after planting 


2,4-D at a rate of about 24 p.p.m. when 
calculated on an air-dry basis. A similar 
lot of control soil was thoroughly mixed 
with 1080 gm. of sand. Each of the two 
lots of soil was then divided into ten 
equal aliquots. To aliquots from each lot 
were added 135, 27, 13.5, or 1.35 gm. of 
Zeo-Karb H or Norit A. To another ali- 
quot from each lot was added 0.36 gm. 
of Norit A. The tenth aliquot received no 
Zeo-Karb H or Norit A. After thorough 
mixing, each aliquot was placed in three 
replicate 4-inch unglazed clay pots on a 
greenhouse bench. They were then wa- 
tered to make it possible for the 2,4-D to 
diffuse in the soil; whether it did so is 
problematical. On September 5, 21 hours 


of 2,4-D in the soil. Kidney beans ger- 
minated in soil previously treated with 
2,4-D to which 218 p.p.m. of Norit A had 
also been added, although their emer- 
gence was delayed for several days. Some 
mustard seeds germinated in soil treated 
with 2,4-D to which as little as 819 p.p.m. 
of Norit A had been added, and the seed- 
lings grew normally in soil to which larger 
quantities of the latter had been applied. 
There is no doubt that the elimination of 
toxicity was brought about by Norit A, 
since seeds were planted within 1 day 
after application of 2,4-D. Several days 
are usually required for other types of in- 
activation of 2,4-D in soil. 

Zeo-Karb H was much less effective 








than Norit A in rendering 2,4-D non- 
toxic. All plants growing in soil contain- 
ing 2,4-D and Zeo-Karb H were stunted 
and showed crinkling of leaves and ab- 
normal venation, indicating some absorp- 
tion of 2,4-D into the plants. Even the 
high concentration of 81,252 p.p.m. of 
Zeo-Karb H failed to eliminate complete- 
ly the toxic effects, as primary leaves of 
kidney beans in these pots were abnor- 
mally veined. It is probable that the ef- 
fectiveness of Zeo-Karb H would be 
greatly increased if it were ground to a 
fine dust before use. 


Contratoxification on aerial 
parts of plants 


MATERIAL AND METHODS 


The soil used consisted of one part 
fine gravel, one part decomposed leaf 
mold, and two parts by volume of a 
heavy loam soil, placed in 43-inch un- 
glazed clay pots. They were planted with 
Red Kidney bean, soybean, white mus- 
tard, or marigold. After emergence the 
plants were thinned so that there were 
two of kidney bean, three of soybean, 
and about fifteen of white mustard or 
marigold per pot. In two experiments 
kidney beans were grown in flats. 

The following growth-regulators were 
obtained from commercial sources: 
Ammonium 2,4-dichlorophenoxyacetate | 

INH,(2,4-D)) 

Butyl ester of 2,4-D (BE 2,4-D) 
Sodium 2,4-dichlorophenoxyacetate 

(Na(2,4-D)] 

Triethanolamine salt of 2,4-D (TEA 2,4-D) 

Weed-No-More agricultural dust (BE 2,4-D 
dust) 

Isopropyl ester of 2,4-D (IE 2,4-D) 


The BE 2,4-D dust contained 5% BE 
2,4-D, 20% oil, and inert material and 
was applied using a cheesecloth bag. 
Aqueous solutions of o.1% were made of 
the other compounds and were sprayed 
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on the plants with a DeVilbiss spray gun 
at a pressure of 15 lb. The plants were 
sprayed heavily but not to the extent 
that liquid dripped from the leaves. 
Norit A (activated charcoal) or Zeo- 
Karb H was usually used to eliminate or 
lessen the toxicity of the growth-regu- 
lators, although the effectiveness of bone 
black, lamp black, and several types of 
clay was also tested. Before use the Zeo- 
Karb H was ground in a micropulverizer 
and passed through a slotted screen with 
slit-width of 0.013 inch. Norit A, Zeo-Karb 
H, and certain other substances are here- 
after referred to as “contratoxicants.” 
They were applied as water suspensions 
using a DeVilbiss spray gun or as dusts 
using a hand duster or cheesecloth bags. 
All treatments were replicated three or 
four times unless otherwise indicated. 


APPLICATION OF CONTRATOXICANTS BE- 
FORE TREATMENT WITH GROWTH- 
REGULATORS 


Norit A.—In one experiment Red 
Kidney bean, soybean, and marigold 
were used. At the time of treatment on 
November 18, 1947, kidney beans were 
7 inches in height and had expanded 
their first trifoliate leaves; soybeans were 
about 63 inches tall, with their first 
trifoliate leaves just beginning to expand; 
and marigolds were 2 inches high, with 
two true leaves. A thin film of Norit A 
was applied to some of the plants with 
a hand duster immediately after a spray 
of water had been applied. The film of 
water aided in sticking the dust to the 
leaves. 

At 11:00 A.M. some dusted and un- 
dusted kidney beans were sprayed with 
0.1% solutions of NH,(2,4-D), BE 2,4-D, 
or IE 2,4-D. Kidney beans with and 
without previous applications of contra- 
toxicant were also dusted with BE 2,4-D 
dust. One lot of plants received applica- 
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tions of contratoxicant only, and another 
was untreated and served as controls. 
Soybeans were similarly treated with 
BE 2,4-D or NH,(2,4-D), and marigolds 
with BE 2,4-D or TEA 2,4-D. Each 
treatment was replicated three times. 
The day was partly cloudy. 

All kidney beans treated only with 
growth-regulators exhibited much shoot 
curvature and crinkling of primary leaves 
27 hours after treatment. These symp- 
toms were very slight, however, in plants 
protected with contratoxicant. Twenty 
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The contratoxicant also protected soy- 
beans against growth-regulators (table 4, 
fig. 5). At the time of harvest control 
plants and those treated only with Norit 
A were g inches tall, whereas plants 
which received growth-regulator only 
were dying or already dead and dried. 

Norit A gave much protection to mari- 
golds sprayed with growth-regulators 
(table 4). At the time of harvest control 
plants were 43 inches tall, and those 
treated with contratoxicant only were 
4 inches. 


TABLE 4 


FRESH WEIGHT (GM.) OF TOPS OF KIDNEY BEAN, SOYBEAN, AND MARIGOLD 22 DAYS 
AFTER TREATMENT. AVERAGES OF THREE REPLICATES 





| 














KIDNEY BEAN SoyYBEAN MARIGOLD 
TREATMENT a er | mr | a 
| With | Without With | Without | With | Without 
Norit A Norit A Norit A | NoritA | NoritA | Norit A 
Control 8.15 9.42 4-57 | 3-97 1.60 2.13 
IE 2,4-D 5-90 | 1.00% | ay ae iid 
BE 2,4-D 7.16 | @.a3* 4:19 0.67* 0.52 0.05 
NH, (2,4-D) 6.97 6.07¢ 4.03 3-437 : | 
BE 2,4-D dust 8.30 OO 1B. onan ‘ as 
TEA 2,4-D RE Aon 0.59 ©.00* 
edhe Pe Re ae REE Pe. TG: 
* Dead. t Yellowing and dying 


days after treatment, control kidney 
beans were g inches high and flowering. 
Plants which received only contratoxi- 
cant were slightly smaller than controls, 
and their leaves showed a small amount 
of injury. Kidney beans treated only 
with growth-regulators were dead, ex- 
cept those sprayed with NH,(2,4-D) 
which were yellowing and dying. Norit A 
gave much protection against all applica- 
tions of the growth-regulators. Some 
plants treated with both contratoxicant 
and growth-regulator were somewhat 
stunted and showed some stem swelling, 
abnormal leaf venation, etc., but, in gen- 
eral, most of them had grown almost nor- 
mally (table 4, fig. 4). 


In a second experiment Red Kidney 
bean, soybean, mustard, and marigold 
were used. Kidney beans were 7 inches 
tall but had not expanded their first tri- 
foliate leaf. Soybeans were 8 inches, and 
mustard and marigold 13 inches in 
height. The two latter species had two 
true leaves each. Some plants of each 
kind were sprayed at 11:00 A.M., Novem- 
ber 12, with a 20% aqueous suspension of 
Norit A. About 15 minutes later kidney 
beans with, and some without, Norit A 
were sprayed with 0.1% solutions of 
Na(2,4-D), NH,(2,4-D), BE 2,4-D, or 
TEA 2,4-D, or were dusted with BE 
2,4-D dust. Some plants were treated 
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with contratoxicant only, and others 
were defoliated. 

A similar experiment with soybeans 
and mustard was set up using BE 2,4-D 
or NH,(2,4-D), and one with marigold 
using NH,,(2,4-D). 

Twenty hours after treatment the 
primary leaves of young kidney beans 
treated with Norit A, with or without 
subsequent application of growth-regu- 
lator, were wilted, and 24 days later por- 
tions of these leaves were dried. A new 
trifoliate leaf had, however, developed. 


[MARCH 


These results show that Norit A is some- 
what toxic to very young Red Kidney 
beans. 

On December 7 control kidney beans 
were 10 inches tall and flowering. Beans 
treated with growth-regulators only had 
enlarged stems, tumors at the terminal 
growing points, etc., but those protected 
by Norit A before being sprayed with 
growth-regulators showed none of the 
typical responses to the latter com- 
pounds. Less protection was obtained 
against BE 2,4-D dust than against the 





FIG. 4. 
) control, (2) Norit A, (3) Norit A—then IE 2,4-D, (4) IE 2,4-D, (5) Norit A 


BE 2,4-D. B, left to right: (1) control, (2) Norit A, (3) Norit A 
Norit A—then NH,,(2,4-D), and (6) NH,(2,4-D). Norit A protected plants against all growth-regulators 


used 


Kidney beans 20 days after treatment with Norit A and/or growth-regulators. A, left to right: 


then BE 2,4-D, and (6) 
then BE 2,4-D dust, (4) BE 2,4-D dust, (5) 
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sprays. The defoliated plants were dead 
at harvest time. Their failure to recover 
was indicative of the lack of vigor during 
the season of low light intensity. 

In this experiment Norit A afforded 
only slight protection to soybeans against 
srowth-regulators. The suspension tend- 
ed to coalesce in large droplets on their 
hairy leaves so that the contratoxicant 
was unevenly distributed. Dusting is 
probably one of the effective methods of 
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obtaining uniform coverage on hirsute 
leaves or on those not easily wetted. 


On December 10 control plants of 
marigold were 4 inches tall and had four 
true leaves each; those treated only with 
Norit A were 3 inches tall. The contra- 
toxicant provided much protection to 


marigolds against NH,(2,4-D) and gave 
partial protection to white mustard 
against the growth-regulators (table 5, 


fig. 6). 


Fics. 5, 6.—Fig. 5 (above), soybeans 20 days after treatment with Norit A and/or growth-regulators. 
Left to right: (1) control, (2) Norit A, (3) Norit A—then NH,(2,4-D), (4) NH,(2,4-D), (5) Norit A—then 
BE 2,4-D, and (6) BE 2,4-D. Contratoxicant eliminated toxic effects of growth-regulators. Fig. 6 (below), 
marigolds 28 days after treatment with Norit A and/or NH,(2,4-D). Left to right: (1) control, (2) Norit A, 
(3) NH,(2,4-D), and (4) Norit A—then NH,(2,4-D). Contratoxicant gave much protection against 
NH,,(2,4-D). 
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ZEO-KARB H.—Red Kidney beans 
with their first trifoliate leaf expanded 
and soybeans just beginning to expand a 
similar leaf were used. Some plants were 
sprayed with a 20% aqueous suspension 
of Zeo-Karb H so that the leaves ap- 


TABLE 5 


FRESH WEIGHT (GM.) OF TOPS OF MARIGOLD AND 
WHITE MUSTARD 28 DAYS AFTER TREAT- 
MENT. AVERAGES OF FOUR REPLICATES 


| 
MUSTARD 


| 
| MARIGOLD 
| 
| 
| 


| 
TREATMENT 


With Without | With | Without 





Norit A | Norit A | Norit A | Norit A 
Control 1.83 3.28 L sg .64 3-73 
NH,(2,4-D).| 2.68 | 0.33 | 0.63 0.15 
OS | a seoeeel 2.59 | fore) 


} | | 





peared well blackened. Ten minutes later 
untreated kidney beans and some treated 
with contratoxicant were given applica- 
tions of Na(2,4-D), BE 2,4-D, TEA 
2,4-D, IE 2,4-D, or BE 2,4-D dust. With 
soybeans, BE 2,4-D only was used. 
After 20 hours kidney beans treated 
only with growth-regulators exhibited 
much epinasty, shoot curvature, and 
crumpling of leaves, but those previous- 
ly treated with Zeo-Karb H showed 
only slight indications of injury. On 
December 8 control kidney beans were 
g inches tall and flowering; plants treated 
only with contratoxicant were slightly 
smaller, and those sprayed only with 
growth-regulators were usually dead. 
Zeo-Karb H gave almost complete pro- 
tection against four of the growth-regula- 
tors; only partial protection was obtained 
against BE 2,4-D dust (table 6, fig. 7). 
The contratoxicant gave little protec- 
tion to soybeans against BE 2,4-D, 
probably because the former was applied 
in aqueous suspension instead of as dust. 
Another experiment was performed 
to determine the effectiveness of a dust 


‘ 
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application of Zeo-Karb H in protecting 
soybeans against BE 2,4-D sprays. Some 
soybeans on which the first trifoliate 
leaves were beginning to expand were 
dusted with contratoxicant at 10:00 A.M, 
on November 24, a cloudy day. Im- 
mediately afterward some dusted and 
undusted plants were sprayed with a 
0.1% solution of BE 2,4-D. Two weeks 
later those which had received BE 2,4-D 
only were dead and dried, but all others 
had grown normally (fig. 8). This experi- 
ment was repeated using kidney beans, 
and similar results were obtained. 
OTHER COMPOUNDS.—Another experi- 
ment tested the effectiveness as contra- 
toxicants of 20% aqueous suspensions of 
attapulgus clays, super filtrol (a filtering 
material for decolorizing and purifying), 
and bone black, and of a 3.3% suspension 
of lamp black. A 20% suspension of the 
latter proved too thick to spray. A simi- 
lar set of suspensions was prepared con- 
taining, in addition, 0.9% of the base 
mixture of commercial Weed-No-More. 
This base mixture contained no growth- 


TABLE 6 


FRESH WEIGHT (GM.) OF TOPS OF KIDNEY 
BEANS 18 DAYS AFTER TREATMENT 
AVERAGES OF THREE REPLICATES 











Piaieabaes With Without 
: Zeo-Karb H | Zeo-Karb H 

Control. 5.82 7.94 
Na 2,4-D .. 8.52 4.45" 
BE 2,4-D .. et 6.97 0.83 
(i 2 > ee 6.72 | 0.77 
IE 2,4-D ... eatery 6.85 0.83 
BE 2,4-D dust 5.87 | 1.40 





* Plants yellowing and dying. 


regulator and was used as a wetting 
agent. Many growth-regulators can be 
formulated with it. 

Red Kidney beans 11 inches tall, with 
their first trifoliate leaves beginning to 
expand, were used as test plants. Flats of 
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them were sprayed in triplicate with one 
of each of the suspensions on a cloudy 
day. One flat of each set was sprayed 
about 2 hours later with a o.1% solution 
of NH,(2,4-D), and another with 0.1% 
BE 2,4-D. The third was left without 
further treatment. Some plants received 
NH,(2,4-D) or BE 2,4-D only, without 
previous treatment. Others were un- 
treated and served as controls. 

Thirteen days later control plants were 
12 inches tall and had two or three tri- 


Fic. 7 
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foliate leaves (fig. g). Plants sprayed 
only with growth-regulators were yellow- 
ing and dying. None of the clays fur- 
nished any protection against the growth- 
regulators (fig. 9). 

Suspensions of bone black and lamp 
black containing no base mixture were 
very toxic to the plants; the primary 
leaves were partly dried out, and growth 
was greatly retarded; some plants died. 
When base mixture was present, the 
toxicity was greatly lessened (fig. 10). 


7.—Kidney beans 20 days after treatment with Zeo-Karb H and/or growth-regulators. A, left to 


right: (1) control, (2) Zeo-Karb H, (3) Zeo-Karb H—then TEA 2,4-D, (4) TEA 2,4-D, (5) Zeo-Karb H 
then IE 2,4-D, and (6) IE 2,4-D. B, left to right: (1) control, (2) Zeo-Karb H, (3) Zeo-Karb H—then BE 


2,4-D, (4) BE 2,4-D, (5) Zeo-Karb H 


provided almost complete protection. 


then BE 2,4-D dust, and (6) BE 2,4-D dust. In all cases Zeo-Karb H 
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Suspensions of lamp black, without 
base mixture, provided some protection 
against the growth-regulators, and bone 
black, without base mixture, gave con- 
siderable protection even though these 
two substances in themselves caused 
much contact damage. The addition of 
base mixture greatly decreased the effec- 
tiveness of the contratoxicants, although 





base mixture were little injured by 
NH,,(2,4-D), but, when base mixture had 
been added, little or no protection was 
afforded (fig. 11). When larger quantities 
of contratoxicants were applied, how- 
ever, almost complete protection against 
the growth-regulator was obtained, even 
though base mixture had been added to 
the contratoxicant. 





Fic. 8. 


Soybeans 12 days after treatment with Zeo-Karb H and/or BE 2,4-D. Left to right: (1) control, 


Zeo-Karb H, (3) Zeo-Karb H—then BE 2,4-D, and (4) BE 2,4-D. Contratoxicant provided complete 


protection to soybeans. 


the suspension of bone black with base 
mixture provided much protection 
against NH,(2,4-D) (fig. 9). 

The decrease in effectiveness of con- 
tratoxicants when mixed with base mix- 
ture was brought out in another experi- 
ment in which young kidney beans were 
sprayed with 1% suspensions of Norit A 
or 5% of Zeo-Karb H. Other plants were 
sprayed with similar suspensions contain- 
ing 0.9% of base mixture. Some plants 
of each set were sprayed 15 minutes later 
with 0.1% NH,(2,4-D). Plants protected 
by the contratoxicants containing no 


APPLICATION OF CONTRATOXICANTS 
AFTER SPRAYING WITH 
GROWTH-REGULATORS 

Norit A.—The purpose was to deter- 
mine whether Norit A could prevent 
toxicity symptoms of BE 2,4-D when 
applied to plants previously treated with 
BE 2,4-D. Kidney beans just beginning 
to expand their first trifoliate leaves were 
used. At 1:00 P.M. on November 14, an 
overcast day, plants were sprayed witha 
0.1% solution of BE 2,4-D. Fifteen min- 
utes and 1, 6, 12, 24, or 48 hours later 


they were sprayed with a 5% aqueous 
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Fic. 9.—Kidney beans 13 days after spraying with bone black or super filtrol and/or 0.1% NH,(2,4-D). 
1) untreated control, (2) NH,(2,4-D) only, (3) bone black with base mixture only, (4) bone black with base 
mixture—then NH,(2,4-D), (5) super filtrol with base mixture only, and (6) super filtrol with base mixture 
then NH,(2,4-D). Bone black provided partial protection, but super filtrol furnished none. 
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suspension of Norit A. The upper leaf 
surfaces were in each case wet with the 
suspension even though the stems had 
already bent over as a result of the 
previous BE 2,4-D application. One set 
of plants sprayed with growth-regulator 
received no contratoxicant, and another 
received only contratoxicant. 
Twenty-four days after treatment con- 
trol plants were flowering, and those 
which had received applications of 
Norit A only showed injury of the pri- 


20% aqueous suspension of Zeo-Karb H 
was used as the contratoxicant. The re- 
sults were similar to those of the experi- 
ment with Norit A. Unless Zeo-Karb H 
was applied within 15 minutes after 
treatment with BE 2,4-D, very little 
protection was afforded (table 7). 


VARIOUS RATES OF CONTRATOXICANTS 


Norit A.—An experiment was per- 
formed to determine how much Norit A 
is necessary to protect plants from a 





Fic. 10.—Kidney beans 13 days after treatment with suspension of lamp black containing base mixture 
(1) or without base mixture (2). Suspension of lamp black without base mixture is very toxic, but, when 


base mixture was present, little injury was produced. 


mary leaves. The latter plants had, how- 
ever, made much new growth. Plants 
sprayed with Norit A suspension 15 
minutes after treatment with BE 2,4-D 
were alive, although they exhibited stem 
enlargement and tumors. All plants 
sprayed with Norit A suspension more 
than 15 minutes after BE 2,4-D had been 
applied were dead and dried (table 7). 
These results would indicate that the 
contratoxicant should be applied within 
15 minutes after treatment with a 
growth-regulator formulated with oil to 
affect markedly plant responses to the 
regulator. “ 

ZEO-Kars H.—This experiment was 
repeated on November 24, except that a 


o.1% aqueous spray of NH,(2,4-D). Red 
Kidney beans beginning to expand their 
first trifoliate leaves were used. At 2:00 
p.m. on November 13, a sunny day, 
plants were heavily sprayed with 20, 5, 1, 
0.1, or 0.01% aqueous suspensions of 
Norit A, at rates equivalent to about 
600, 75, 15, 1.5, or 0.15 lb. of Norit A per 
acre. About 10 minutes later some plants 
from each lot were sprayed with 0.1% 
aqueous solution of NH,(2,4-D); others 
were treated with NH,(2,4-D) only; and 
others were untreated. 

Twenty-four hours later plants which 
had been sprayed with a suspension of 
contratoxicant of 5% concentration or 
greater and then with NH,(2,4-D) 











Fic. 11.—Kidney beans 9 days after spraying with aqueous 1% suspension of Norit A and/or growth- 
regulator. (1) Control, (2) NH,(2,4-D) only, (3)‘Norit A, (4) Norit A with 0.9% base mixture, (5) Norit A 
then 0.1% NH,(2,4-D), and (6) Norit A with 0.9% base mixture—then NH,(2,4-D). Base mixture made 
contratoxicant ineffective 
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showed little epinasty or shoot curvature 
such as manifested by plants 
sprayed with a lower concentration of 
Norit A and then with NH,(2,4-D) or 
with NH,(2,4-D) only. Twenty-five days 
after treatment controls were flowering. 
Plants sprayed only with 20% or 5% 
suspensions of Norit A were injured, but 
a new trifoliate leaf had been produced. 
Little or no stem enlargement and few 
or no tumors were found on plants 


was 


TABLE 7 


FRESH WEIGHT (GM.) OF TOPS OF KIDNEY BEANS 
TREATED WITH CONTRATOXICANTS AT VARY- 
ING INTERVALS AFTER SPRAYING WITH BE 
2,4-D; 24 AND 16 DAYS AFTER TREATMENT 
WITH NoRIT A AND ZEO-KARB H, RESPEC- 
TIVELY. AVERAGES OF THREE REPLICATES 


Time of application 
Norit A—then 
BE 2,4-D 


of contratoxicant 


Zeo-Karb H— 
then BE 2,4-D 


after spraying with 


BE 2,4-D 


15 min. 
1 hr. 
6 hr. 

12 hr. 

24 hr. 

48 hr. 


No contratoxicant 
No BE 2,4-D 
Control 


* Dead and dried. 


treated with NH,(2,4-D) previously 
sprayed with 20% or 5% suspensions of 
contratoxicant. When lesser amounts of 
contratoxicant were used, however, 
symptoms typically resulting from 
growth-regulators occurred. Thus, an 
amount of Norit A between 15 and 75 
lb./acre would be needed to protect Red 
Kidney beans against aqueous sprays 
of NH,(2,4-D) under the conditions of 
this experiment. 

ZEO-KARB H.—Red Kidney beans 7 
inches tall with the first trifoliate leaf 
expanded were used. At 3:00 P.M. on 
November 22, a sunny day, they were 
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sprayed with 20, 5, or 1% aqueous sus 
pensions of Zeo-Karb H. Ten minutes 
later some plants from each lot were 
sprayed with a 0.1% solution of BE 
2,4-D. Other plants received BE 2,4-D 
only. 

Sixteen days later controls and plants 
treated only with Zeo-Karb H were 
flowering; plants sprayed only with BE 
2,4-D were dead and dried. The 20% sus- 
pension of contratoxicant gave excellent 
protection against the growth-regulator, 
5% gave much, but the 1% suspension 
gave little or none (table 8). 


TABLE 8 


FRESH WEIGHT (GM.) OF TOPS OF KIDNEY BEAN 
TREATED WITH ZEO-KARB H AND/OR 0.1% 
BE 2,4-D. GROWTH-REGULATOR APPLIED AF- 
TER CONTRATOXICANT. HARVESTED 16 DAYS 
AFTER TREATMENT. AVERAGES OF THREE 
REPLICATES 


No BE 2,4-D 
applied 


BE 2,4-D 
applied 


Treatment 


20% Zeo-Karb H 
5% ~ 
1% 


no 


* Dead 


This experiment was repeated using 
NH,(2,4-D), and the results were in 
agreement. 

A greater quantity of Zeo-Karb H 
than of Norit A, when used in aqueous 
suspension, was necessary for protection 
of plants against sprays of growth- 
regulators. The particle size of Zeo-Karb 
H was larger, however, than that of Norit 
A, and it is probable that effectiveness 
of contratoxicants is greater in the case 
of smaller particle sizes. 


Discussion 


The data of DEROsE (3), who studied 
the relative rates of disappearance of 
several compounds from soil, are in gen- 
eral agreement with the results of the 
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persistence experiment in the greenhouse. 
In the field experiment here reported 
2,4,5-I was the least toxic compound 
used and the toxicity also persisted a 
shorter period. This is contradictory to 
the results of the greenhouse experiment 
and to the work of DERosE. It may be 
that the amount of 2,4,5-T used in the 
field, 8.5 lb./acre, was too little effective- 
ly to sterilize the soil; a greater amount 
might have been much more persistent 
as well as more toxic. The relatively 
short persistence of 2,4,5-T in the field 
may have been associated with the type 
and quantity of organic matter present 
in the soil; the amount in the field soil 
used was very high (4, 6). 

TAYLOR (12) found that the effects of 
treatment with 4 lb./acre of 2,4-D and 
IPPC appeared to persist for about 7 
and 5 weeks, respectively, in two neutral 
or nonacid loam soils in Wisconsin. It is 
significant that rainfall was above nor- 
mal during the period of his experiment. 

With the exception of the BE 2,4-D 
treatment in the field, soils treated with 
BE 2,4-D, 2,4-D, and Cu(2,4-D), lost 
their toxicity generally at about the 
same rate. HANKS (5) demonstrated that 
2,4-D and calcium 2,4-dichlorophenoxy- 
acetate were leached from each of six 
widely different soils at about equal 
rates, as measured by tests of toxicities 
of leachates, using a modification of the 
corn-root bio-assay method of SWANSON 
(11). 

BE 2,4-D was the most toxic and per- 
sistent of the compounds tested in the 
field. Perhaps it is chemically more stable 
than the other compounds used. An- 
other factor may be a greater capacity 
of the ester to permeate the soil both 
horizontally and vertically. These fac- 
tors may have been associated with the 
high degree of weed control in plots 
treated with BE 2,4-D. 
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The great decrease in toxicity in the 
cropped soil of the greenhouse experi- 
ment which was replanted on September 
2, 1947, is in agreement with the results 
of Kries (6). The more rapid disap- 
pearance of toxic effects from cropped 
soil than from soil in storage probably 
resulted from factors other than the 
presence of growing plants only. Water 
was added much more frequently to the 
cropped soil, the temperature and degree 
of aeration were different, and both 
chemical and biological activity may 
have been greater in it. 

The greater growth of soybeans in the 
field in the treated plots following the 
first planting as compared with the 
second may have been associated with 
the length of time between planting and 
the first heavy rainfall following plant- 
ing. There was 0.06 inch of rain during 
an 8-day period following the first 
planting. Although soybeans began to 
germinate during this dry period, they 
grew slowly. Three days after the second 
planting 1.04 inches of rain fell. It thus 
appears that rainfall tended to increase 
the toxic effects of the herbicidal growth- 
regulator in the soil. It is also possible 
that water or water vapor in a dry soil 
could reach the seeds, making germina- 
tion possible, while there might be little 
or no movement of the growth-regulator 
in the soil. There also may be an associa- 
tion between vegetative activity of 
plants and their response to growth- 
regulators. Plants with ample water 
grew rapidly but were more severely 
injured by growth-regulators than plants 
under drier conditions that exhibited less 
vegetative activity. 

The disappearance of toxic effects of 
growth-regulators was apparently close- 
ly associated with rainfall. From June 21 
to July 3, only the rain of 1.02 inches on 
June 29 was of any magnitude. During 
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this period there was little or no loss of 
toxicity from the soil as reflected by 
growth of soybeans and Sudan grass. 
From July 3 to July 17 there were 2.09 
inches of rain, heavy showers falling on 
July 6 and 13. Great decrease of toxicity 
occurred during this period as shown by 
results of the third planting. Further 
gradual reduction in toxicity occurred 
between July 17 and August 5. During 
this period there were 1.44 inches of pre- 
cipitation. On August 5, 45 days after 
application of the growth-regulators, the 
soil was still toxic, an over-all result of 
the dry experimental period. If a crop 
sensitive to the growth-regulators had 
been planted at the end of this interval, 
its yield probably would have been low. 

Several investigators have shown that 
the toxic effects of 2,4-D disappear far 
more rapidly in moist than in dry soil 
(6, 8). Crarrs (2) has urged special 
caution in the use of 2,4-D in semiarid 
regions, where the compounds persist for 
a long time in the soil. Krres (6) and 
Hanks (5) have pointed out that 2,4-D 
may persist longer in soils of some 
alkalinity. 

In the field experiments 2,4-D re- 
mained in the upper soil layers, the com- 
pound perhaps having been adsorbed 
there (7, 14). In many soils it might 
leach deeply as indicated by greenhouse 
experiments (3, 5, 9). In such cases 
plowing would be a less effective method 
of eliminating the toxic effects to plants, 
especially if the principal effect of plow- 
ing were to decrease the concentration of 
the growth-regulators by bringing up to 
the surface soil in which it was not 
present. 

The addition of Norit A to soils 
treated with growth-regulators could 
eliminate or greatly minimize the toxic 
effects within a few hours. When the 
contratoxicant is mixed in with the sur- 
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face soil and the soil watered, the ad- 
sorption of 2,4-D by the contratoxicant 
is apparently rapid, and plantings might 
be made immediately or soon after such 
application. Watering of the soil may 
wash the contratoxicant into and through 
the contaminated portions and might en- 
able the growth-regulator to diffuse in 
the soil and reach the contratoxicant. 

Further studies on the fate of ad- 
sorbed 2,4-D are desirable. Much of it is 
nontoxic to plants as long as it remains 
adsorbed (14), but its ultimate fate is 
unknown. Perhaps it could be released 
later as the charcoal decomposed or with 
changes of pH value or gaseous content 
of the soil. Such release could be ad- 
vantageous or not, depending upon 
whether one were interested in destroy- 
ing or in conserving plants grown in such 
soil. On the other hand, the growth- 
regulators may be altered chemically in 
varying degrees. 

Norit A, when applied to aerial parts 
of plants, caused contact damage to the 
youngest plants, especially Red Kidney 
beans. Usually the plants recovered by 
producing new leaves, but they often re- 
mained badly damaged. Under higher 
light intensities these plants would prob- 
ably have recovered more rapidly and 
vigorously. With variations of food re- 
serves within the plant, effects could 
differ greatly. The dark color of the con- 
tratoxicants undoubtedly diminished the 
amount of light entering the leaves, 
which may have resulted in lessened 
growth. 

After plants were sprayed with BE 
2,4-D, it was necessary to apply contra- 
toxicants within about 15 minutes to de- 
crease the toxicity of the regulator. Per- 
haps the contratoxicants must be applied 
before the spray dries. It seems more 
probable, however, that in these experi- 
ments a lethal dose of BE 2,4-D might 
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have entered the plant within 15 min- 
utes following spraying. 

The effectiveness of a contratoxicant 
applied to plants previously sprayed 
with a growth-regulator may be partial- 
ly dependent upon the speed with which 
the growth-regulator enters the leaf. 
RicE (10) demonstrated that tempera- 
ture, light intensity, and the presence of 
Carbowax 1500 in the solution applied 
to young Red Kidney bean plants affect 
the rate of entrance of NH,(2,4-D). Un- 
der conditions such as that in which 
NH,(2,4-D) in aqueous solution entered 
the leaf more slowly than BE 2,4-D, 
contratoxicants might be effective even 
aiter a greater lapse of time following the 
application of the NH,(2,4- D) than of 
BE 2,4-D. 

The base mixture of Weed-No-More 
when added to suspensions of contra- 
toxicants decreased their effectiveness. 
At present it is difficult to explain the 
chemical and physical factors which pro- 
duced this effect. Perhaps other types of 
wetting agents would increase instead of 
decrease the effectiveness of contratoxi- 
cants. The use of wetting agents might 
result in even distribution of contra- 
toxicants over the leaf surface and 
change the rate of evaporation of drop- 
lets. 

Summary 

1. 2,4-Dichlorophenoxyacetic —_ acid 
(2,4-D), butyl ester of 2,4-D (BE 2,4- 
D), copper, 2,4-dichlorophenoxyacetate 
\Cu(2,4-D),], 2,4,5-trichlorophenoxyace- 
tic acid (2,4,5-T), and O-isopropyl N- 
phenylcarbamate (IPPC) were added on 
June 6, 1946, to separate aliquots of 
silt loam soil at concentrations of 22 and 
220 p.p.m. About two-thirds of each ali- 
quot was placed in storage and occasion- 
ally moistened. The remaining one-third 
of each aliquot was placed in 5-inch 


glazed crocks and planted uniformly 
with Red Kidney beans, white mustard, 
and barley to test the degree of toxicity 
of the compounds by later emergence of 
the plants. Soil was removed from stor- 
age on June 27 and November 16, 1946, 
and May 7, 1947, and similarly planted 
to test for degree of toxicity of the com- 
pounds. The soil planted on May 7, 1947, 
was replanted on September 2, 1947. 

2. In this greenhouse experiment much 
of the toxicity of IPPC, the least per- 
sistent compound used, had _ disap- 
peared after 12 days of storage. Soil 
originally containing 220 p.p.m. of 2,4,5- 
T was still toxic after about 15 months of 
storage. Cu(2,4-D),, 2,4-D, and BE 
2,4-D disappeared with about equal 
rapidity. Soil containing these three com- 
pounds at initial concentrations of 22 
p.p.m. showed little toxicity after 11 
months of storage; soil containing them 
at 220 p.p.m. had lost its toxicity after 
15 months. 

3. 2,4-D was added to plots in a low- 
land soil at a rate of 7.4 lb. acre, and 
Cu(2,4-D),, 2,4,5-T, and BE 2,4-D were 
added to other plots at chemically 
equivalent rates. Successive plantings of 
Sudan grass, Red Kidney bean, white 
mustard, and soybean were made. Emer- 
gence of plants and fresh weight of tops 
were used as criteria for judging the 
toxicity in the soil. 

4. In this field experiment 2,4,5-T 
proved to be the least toxic and per- 
sistent, and BE 2,4-D the most per- 
sistent. The treated soils were still con- 
siderably toxic 45 days after application 
of the growth-regulators. 

5. 2,4,5-f brought about poor control 
of weeds, Cu(2,4-D), and 2,4-D fair 
control, and BE 2,4-D excellent control. 

6. Spading (plowing) resulted in a 
great decrease in toxicity in a field soil 
contaminated with 2,4-D. When to or 25 
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lb. of 2,4-D per acre were applied to a 
field soil, only the upper 3 inches of soil 
were toxic to plants even after heavy 
rains. 

7. Addition of Zeo-Karb H or Norit A 
to soil containing 2,4-D resulted in a 
decrease or in complete elimination of 
toxicity. In a greenhouse experiment ad- 
dition of Norit A at a concentration of 
about 218 p.p.m. decreased the toxic 
effects of 2,4-D present in the soil. 

8. Finely ground Norit A or Zeo-Karb 
H was dusted or sprayed in aqueous sus- 
pension on Red Kidney bean, soybean, 
white mustard, or marigold. The plants 
were then sprayed with aqueous 0.1% 
solutions of ammonium 2,4-dichloro- 
phenoxyacetate, sodium  2,4-dichloro- 
phenoxyacetate, triethanolamine salt of 
2,4-D, isopropyl ester of 2,4-D, or BE 
2,4-D, or were dusted with a dust con- 
taining BE 2,4-D. In most cases the toxic 
effects of the growth-regulators were 
greatly decreased or completely elimi- 
nated by Norit A or Zeo-Karb H. 


g. Super filtrol and attapulgus clays 
were ineffective as  contratoxicants. 
Lamp black and bone black were partial- 
ly effective. 

10. The addition of the base mixture 
of Weed-No-More as a wetting agent to 
suspensions of contratoxicants often de- 
creased or eliminated their effectiveness. 

11. Red Kidney beans were sprayed 
with ao.1% solution of BE 2,4-D and at 
various intervals after treatment were 
sprayed with aqueous suspensions of 
Norit A or Zeo-Karb H. Unless the 
contratoxicant was applied within 15 
minutes after treatment with the growth- 
regulator, very little protection was 
afforded. 

12. A 5% aqueous suspension of Norit 
A heavily sprayed on young Red Kidney 


beans gave good protection against 
sprays of growth-regulators. A_ larger 


amount of Zeo-Karb H was required for 
equal protection. 
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ABSORPTION AND TRANSLOCATION OF AMMONIUM 2,4-DI- 
CHLOROPHENOXYACETATE BY BEAN PLANTS! 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 597 


ELROY L. RICE 


Introduction 

Several investigators (2, 8, 12) have 
reported that the addition of Carbowax 
1500 to 2,4-dichlorophenoxyacetic acid 
(2,4-D) markedly increased the responses 
made to the growth substance when ap- 
plied to certain plants. With other plants, 
however, applications of wholly aqueous 
solutions are just as effective (2). One 
purpose of the present experiments was 
to shed some light on the reasons for the 
increased effectiveness of ammonium 
2,4-dichlorophenoxyacetate [NH,(2,4- 
D)| when applied to the Red Kidney 
bean in a solution containing Carbowax 
1500. In the present investigation, ab- 
sorption of NH,(2,4-D) by the Red Kid- 
ney bean leaf was studied by direct 
measurement.’ 

Temperature has been shown (3, 4, 5, 
9) to have a marked effect on the herbici- 
dal activity of 2,4-D and related com- 
pounds. No detailed studies, however, 
have been made of the influences of tem- 
perature on absorption and translocation 
of such materials. 

Considerable work has been done on 
the relation of light intensity to absorp- 
tion and translocation of 2,4-D and re- 
lated substances (7, 14). It has been re- 
ported (7, 14) that local reaction of a 
treated bean leaf occurs in the dark, the 

his work was supported in part by a grant from 


the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


? The term “‘absorption”’ is used in this paper to 
mean simply the entrance of the ammonium salt into 
the leaf tissues, irrespective of the forces which are 
operative or the degree of penetration and later 
translocation. 
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Jeaf tip curling back when the growth- 
regulator was placed near the tip. These 
investigators were unable to determine 
how much 2,4-D was absorbed in the 
dark, because they had no method of 
measuring absorption directly. Conse- 
quently, another objective of the present 
experiments was to compare the absorp- 
tion of NH,(2,4-D) by the Red Kidney 
bean leaf under various light intensities. 

MITCHELL and Brown (7) concluded 
that no translocation of 2,4-D occurred 
in the dark in the snap bean. They 
stated, also, that no stem. curvature, 
which was used as a criterion of translo- 
cation, resulted during 1 day following 
application of 2,4-D to snap beans kept 
in a shaded location (250-500 foot- 
candles at noon, on aclear day). WEAVER 
and DERoseE (14) found that kidney- 
bean plants treated with 2,4-D and kept 
in the shade did not exhibit as much 
curvature 1 day after treatment as those 
treated in the same manner in full sun- 
light. Despite the close agreement of re- 
sults of studies on translocation under 
various light intensities, it seemed de- 
sirable to include such a study in the 
present investigation in conjunction with 
experiments on absorption. 


Material and methods 

The Red Kidney bean was chosen as 
the test plant because its reactions to 
2,4-D and related compounds are fairly 
well known and because of its adaptabil- 
ity to greenhouse conditions and its rapid 
rate of growth. 

All seeds were hand picked to insure 
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uniformity of size and freedom from in- 
jury. They were planted in soil in 4-inch 
glazed pots, three seeds per pot. Before 
treatment, one plant in each pot was re- 
moved, leaving the two most nearly uni- 
form plants. For each of the six experi- 
ments 150 pots were planted, but only a 
maximum of 120 pots with the most 
nearly uniform plants were used. This 
procedure insured having all the plants 
for each experiment very uniform in 
height and in area of primary leaves. All 
the plants were grown in the same green- 
house room and were moved to the vari- 
ous test rooms at the desired time before 
treating with the growth-regulator. 

Three test rooms were used for study 
of the effects of temperature and Car- 
bowax on absorption and translocation. 
The lowest temperature range (46°- 
58° F.) was maintained in a refrigerated 
room with thermostatic control. The two 
higher ranges of temperature were main- 
tained within fairly constant limits in 
rooms in which temperature values did 
not change rapidly. Basement rooms, all 
with the same temperature range, were 
used for the experiments at various light 
intensities. 

Each test room (except the dark room) 
was equipped with a bank of twelve 
“daylight” fluorescent tubes which could 
be raised or lowered so as to regulate the 
light intensity at the surfaces of.the pri- 
mary leaves to the desired amount. A 
daily photoperiod of 13 hours was em- 
ployed while the plants were in the test 
rooms (except in the dark room). 

In al] series in the light the plants were 
treated 2 hours after the lights came on 
by applying, with a o.2-ml. Kahn pipette, 
0.05 ml. of water containing a known 
amount of NH,(2,4-D) (with or without 
0.5% Carbowax 1500 in different series) 
to the base of the midrib on the upper 
surface of one primary leaf. The amount 
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so applied could be controlled consistent- 
ly within approximately 1 wg. The aque- 
ous solutions of NH,(2,4-D) were made 
by dissolving either 340 mg. or 670 mg. 
of the salt (the amount depending on 
whether the treatment was to consist of 
34 ug. or 67 ug.) in distilled water and 
making up to 500 ml. To make the aque- 
ous solution containing 0.5% by weight 
of Carbowax 1500, 670 mg. of the salt 
were dissolved in 2.5 gm. of melted Car- 
bowax. After hardening, this was dis- 
solved in distilled water and made up to 
500 ml. in a volumetric flask, so that 
0.05 ml. would contain 67 wg. of the 
growth-regulator. One of the primary 
leaves was treated before much expan- 
sion of the first trifoliate leaf had oc- 
curred, since preliminary experiments 
had shown that the responsiveness of 
kidney-bean plants to a given amount of 
NH,,(2,4-D), in terms of both stem cur- 
vature and growth inhibition, decreased 
rapidly with increase in age. Similar re- 
sults on the effect of age have been re- 
ported (16) for several other species. 

The plants in the dark room were 
treated in a similar manner with the aid 
of a photographic developing lamp with 
an orange filter. It was found that this 
light did not allow the formation of 
chlorophyll in Avena coleoptiles in a 24- 
hour period of exposure. It is probable 
that such a light had little, if any, effect 
on metabolic processes in the bean plants 
during the very few minutes required for 
application of the solution or during the 
very few minutes required to clip the 
treated leaves. 

The treated leaves were cut off at the 
bases of the petioles at various intervals 
after application (4, 10, 24, 48, and 72 
hours), so as to interrupt further translo- 
cation of the growth-regulator from the 
treated leaf to other parts of the plant. 
Fourteen treated leaves were clipped at 
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each interval in each series. Nine days 
after application of NH,(2,4-D) to the 
primary leaves, the fresh weights of the 
expanded trifoliate leaf blades (including 
petiolules but not petioles) on treated 
and control plants were obtained. These 
weights were used in evaluating the rela- 
tive amounts of growth inhibition which 
resulted for the various time intervals 
during which translocation was possible. 
The amount of such growth inhibition in 
similar experiments (14) has been as- 
sumed to be proportional to the amount 
of growth-regulator translocated from 
the treated leaf into the stem. 

If a small amount of a growth-regula- 
tor, such as NH,(2,4-D), is applied to one 
side of the stem of a succulent plant, such 
as bean, cell enlargement is accelerated 
on the treated side, and stem curvature 
results (7). Therefore, any stem curva- 
ture which follows the application of such 
a growth-regulator to a leaf blade is an 
indication that a stimulus has been trans- 
located from the treated leaf to the re- 
gion of the stem in which the curvature 
occurs. Some experimenters (2) have 
used the amount of stem curvature as a 
measure of the relative effectiveness of 
various treatments with growth-regula- 
tors. In the present experiments the stem 
curvatures were measured, at the time of 
clipping the primary leaves, with a trans- 
parent plastic protractor. 

The primary leaves were 
placed on moist filter paper in moist 
chambers and were immediately sub- 
jected to the following procedure. Each 
leaf was placed in a 1o0-ml. beaker, and 
the small treated area was washed thor- 
oughly with 20 ml. of distilled water 
blown forcibly from a pipette. This water 
was poured into a 25-ml. volumetric 
flask, and the beaker was rinsed with 
about 4 ml. of distilled water which was 
added to the flask. The contents of the 
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flask were made up to volume with dis- 
tilled water. 

The same general procedure was used 
in handling the clipped leaves from the 
untreated control plants. When Car- 
bowax was used in the treatment, an 
equal amount was also applied in 0.5% 
aqueous solution to one primary leaf of 
each of the control plants at the time of 
treating the other plants in the series. 

In the determination of the amount of 
NH,(2,4-D) left on the surface of a 
treated leaf at the time of clipping, the 
solution resulting from the washing of 
the treated area was tested with a Beck- 
man Quartz Spectrophotometer, model 
DU, according to a slight modification of 
the method developed by BANDuURSKI 
(1). All density readings were taken at 
2300 A, using 5-cm. silica sample cells. 
Control blanks, consisting of the wash- 
ings from control plants, were used in all 
cases. The density of each blank was 
checked against that of distilled water. 
It was found that the density readings of 
most were similar. However, the density 
value of an occasional blank would be 
above or below the usual value, possibly 
because of some dirt or soluble phenolic 
compounds washed from the surface of 
the control leaves. Consequently, it was 
decided to correct all density readings on 
the basis of a common blank. The slight 
variation in the density readings of the 
blanks indicates that the values of the 
density readings of the treated-leaf wash- 
ings may have been affected by the 
presence of compounds other than 
NH, (2,4-D) in a few instances. However, 
the actual error, in terms of micrograms 
of NH,(2,4-D) recovered from the leaf, 
was very small and would tend to aver- 
age out for any one series in each experi- 
ment. 

By experimentation the proper com- 
bination of treatment, volume of test so- 
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lution, and sample-cell size was deter- 
mined, so that most of the density read- 
ings on the spectrophotometer would fall 
within the optimum range of the instru- 
ment. 

After the last group of treated leaves 
had been clipped in each series—72 hours 
after application of NH,(2,4-D)—all the 
plants were removed to a greenhouse 
room and were allowed to remain until 
the ninth day after application of the 
growth-regulator. At this time the fresh 
weights of the trifoliate leaf blades were 
obtained. In experiment F these weights 
were taken on the eleventh day after 
application. 


Results 

[;XPERIMENT A.—The purpose was to 
study the effects of temperature on the 
absorption and translocation of NH,(2,4- 
D) applied in aqueous solution. 

The plants were placed in the various 
test rooms 48 hours before being treated. 
One room was kept at the temperature 
range of 46°-58° F. (series 1), one at 
79 -82° F. (series 2), and the other at 
86°—-g2° F. (series 3). A primary leaf on 
each plant was treated, according to the 
method already described, with 67 ug. of 
the salt. At the time of application the 
first trifoliate leaf was just starting to 
expand. 

In series 2 and 3 the maximum amount 
of NH,(2,4-D) had entered the leaf with- 
in approximately the first 4 hours after 
application (fig. 1). Maximum absorp- 
tion in the lowest temperature range 
(series 1) had occurred at the end of 48 
hours or perhaps slightly less. 

The amount of NH,(2,4-D) apparent- 
ly absorbed was measured as the differ- 
ence between the known amount applied 
and the amount washed off the primary 
leaf. Experimental errors, especially in 
determining the latter amount, would 


help to account for some of the fluctua- 
tions in the curves showing apparent ab- 
sorption in series 2 and 3 (fig. 1). In addi- 
tion, it will be recalled that each point in 
a curve is an average of the amounts of 
NH,(2,4-D) apparently absorbed by 
fourteen plants at the specified time, 
each group of fourteen consisting of dif- 
ferent plants. Moreover, it was found in 
some cases that individual plants, al- 
though outwardly similar to others, 
showed quite pronounced differences in 
the amount of the salt apparently ab- 
sorbed. In spite of these possibilities of 
experimental error, however, the trends 
of the curves are definite, and the differ- 
ences in their values at any one time are 
for the most part statistically significant 
(table r). 

The amount of the salt which appar- 
ently entered the leaf was greater at the 
higher temperatures (fig. 1). Table 1 
shows the differences between the mean 
amounts absorbed in the three series for 
each clipping and, also, for all clippings 
considered collectively. 

Regardless of temperature, the treated 
primary leaves had to remain attached 
over 24 hours to allow enough absorption 
and translocation of the salt to result in 
approximately maximum inhibition oj 
growth, as measured by the fresh weights 
of the harvested trifoliate leaf blades 
(fig. 1). 

No stem curvature was found in any 
plant within 4 hours after application of 
the salt in series 1, but practically every 
treated plant in the two higher tempera- 
ture ranges showed some stem curvature 
during this period. At the end of this first 
4-hour period, the average amount of 
curvature was greatest at the highest 
temperature (series 3). However, when 
the treated Jeaves were left attached for 
over 4 hours, the plants in series 2 
showed the greatest average stem curva- 








Ange moorn 


mf 


yY Ac CHAITONn: 


WaT 


of t 
rib 
als 
leat 
tur 


(fig 














r = 
OQ 30 
a 
a- ci 
b- 0 20F 
| 2 
li- ad 
= Ps 10r / 
= Ss 
of ——————— 
0 . a 
nw 
by | = 
J , 1 m 
1€, 3 48o = 
op a Oo 
if- | Cc 
in oO 60/- \ 60 2 
ot | 5 
SF ta- ies 
re 40 a 
rs, x | | iz 
In a ie o 
E ‘ 4 720 5 
» / 2 
of Ltt a 4 4 e rn . oe m 
4 10 24 48 72 4 10 24 48 72 W 
ads TIME IN HOURS TIME IN HOURS 
er ; Fics. 1-2.—Eflects of temperature and Carbowax 1500 on: (above) absorption of NH,(2,4-D) by Red 
are Kidney bean leaves; (6elow) stem curvature (broken line), and fresh weights of harvested trifoliate leaf blades 


ant — _ 0{treated plants expressed as a percentage of control averages (solid line). Each plant treated at base of mid- 
| ribof one primary leaf with 67 ug. of NH,(2,4-D) in aqueous solution. In series 4, 5, and 6 (fig. 2) solution 
also contained 0.5% by weight of Carbowax 1500. Abscissa represents time of removal of treated primary 


ar- leaves after application of growth substance. Light: goo foot-candles; 13-hour daily photoperiod. Tempera- 
the ture ranges: in series 1, 2, and 3 (fig. 1)—46°-58°, 79°-82°, and 86°-g2° F., respectively; in series 4, 5, and 6 
me fig. 2)—46°—58°, 76°-8c°, and 86°-94° F. 
aan TABLE 1 
for I:FFECT OF TEMPERATURE ON ABSORPTION OF NH,(2,4-D), WITH OR WITHOUT CAR 
ngs BOWAX 1500. DATA BASED ON FOURTEEN PLANTS AT EACH TEMPERATURE 
5 
S RANGE AND EACH CLIPPING. ALL VALUES SHOWN ARE POSITIVE 
Series 1, 46°-58° F. Series 4, 46°-58° F. 
ited Series 2, 79°-82° F. Series 5, 76°-80° F, 
-hed Series 3, 86°-92° F. Series 6, 86°-94° F. 
tion 
It in DIFFERENCE BETWEEN SERIES IN wG. ABSORBED 
ia (NEAREST WHOLE VALUE) 


ghts ma —_ ; 





ades Time of clipping after treatment 
All 
clippings 

any ; hours to hours | 24 hours 48 hours | 72 hours 

yn of 

very NH,(2,4-D) in water only 

yera- § —_ 

uture Series 2 series I o* 6* rv 4t I 5* 
first Series 3 series 2 2 5 | 3 | at 2 

} N) 

it of 

shest NH,(2,4-D) in water containing 0.5% Carbowax 1500 

when ae ‘a ae 
1 for Series 5—series 4 9° eg } 3t 6* o* 5* 

‘ 10 m f ae +e | * { ia | * * 

: Series 6—series 5 2 4 6 7 | 13 6 

les 2 a | | 

urva- 


* Significant at o.o1 level t Significant at 0.02 or 0.05 level. 











306 


ture at any one time through the 72-hour 
period, despite the fact that the plants in 
series 3 had apparently absorbed a 
greater amount of the growth-regulator. 

EXPERIMENT B.—This experiment es- 
sentially duplicated experiment A except 
that the aqueous solution of NH,(2,4-D) 
contained 0.5% by weight of Carbowax 
1500. A primary leaf of each plant was 
treated with 67 ug. of the salt. The two 
higher temperature ranges (series 5 and 
6) varied slightly from those in experi- 
ment A but were sufficiently like them for 
a direct comparison of results. 

Unlike the results without Carbowax 
1500, absorption of NH,(2,4-D) con- 
tinued to take place during the entire 72- 
hour period in all three series (fig. 2). The 
total amount absorbed in 72 hours was 
practically double the amount absorbed 
at the equivalent temperature range 
without Carbowax, although absorption 
during the first 4 hours was slower with 
Carbowax in the higher temperature 
ranges. 

Again, as with the wholly aqueous 
treatment, the total amount of the salt 
absorbed was positively correlated with 
temperature (fig. 2, table 1). 

As in experiment A, the treated pri- 
mary leaves had to remain attached more 
than 24 hours in all series to permit sul- 
ficient absorption and translocation of 
the salt to result in approximately maxi- 
mum inhibition of growth, as measured 
by the fresh weights of the harvested 
trifoliate leaf blades (fig. 2). 

Likewise as in experiment A, stem 
curvature did not occur in any plant in 
the lowest temperature range (series 4) 
within 4 hours after application (fig. 2). 
Most treated plants in series 5 and 6 
showed some curvature during this pe- 
riod, although the average curvature was 
not quite so great as in experiment A. 
The average curvatures were the same in 
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series 5 and 6 at the end of 4 hours. In all 
cases in which the treated leaves re- 
mained attached to the plants for over 4 
hours, the average curvature was great- 
est in series 5 (intermediate tempera- 
ture). The average curvature in series 6 
was even slightly less, 24 and 72 hours 
alter application, than in series 4 (fig. 2), 

I;XPERIMENT C.—This experiment was 
designed to measure the effects of tem- 
perature on plants of a slightly younger 
age to which a smaller amount of 
NH,(2,4-D) was applied. The plants 
were placed in the various test rooms 48 
hours before treating with 34 ug. of the 
salt in aqueous solution. At the time of 
application the first trifoliate leaf had 
not yet started to expand. The tempera- 
ture ranges in series 7, 8, and g were 
46°-58° F., 68°-72° F., and 78°-82° F., 
respectively. 

The amount of the salt absorbed was 
not measured. The fresh weights of the 
trifoliate leaf blades were inversely cor- 
related with the temperature values 
maintained during the period of treat- 
ment, as in experiments A and B (fig. 3). 
Again, no stem curvature occurred with- 
in 4 hours after application in any plants 
treated in the lowest temperature range 
(series 7). In series 8 and 9, however, stem 
curvature resulted in every plant during 
this period, and the degree of mean cur- 
vature at the end of 4 hours was posi- 
tively correlated with temperature as in 
experiments A and B. 

I-XPERIMENT D.—Half the plants (se- 
ries 10) were placed in light of goo foot- 
candles with a 13-hour daily photoperiod 
and half (series 11) in darkness, 24 hours 
before application of NH,(2,4-D). The 
temperature range in both series was 
76°-82° F. Each plant was treated with 
67 wg. of the salt in water only. At the 
time of application the first trifoliate leaf 
had not yet started to expand. 
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The amount of the salt apparently ab- 
sorbed in the dark was significantly 
greater than in the light (fig. 4, table 2). 
Much of the absorption took place dur- 
ing the first 4-hour period after applica- 
tion, as in experiment A. 

There was no stem curvature in the 
plants treated in the dark, and the aver- 
age weight of their trifoliate leaf blades 
was essentially the same as the average 
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lic. 3.—Relative growth inhibitions of kidney 
bean plants treated, on one primary leaf, with 
34 ug. of NH,(2,4-D) in aqueous solution, as shown 
by fresh weights of harvested trifoliate leaf blades 
weights expressed as percentages of control aver- 


ages). Temperature ranges of series 7, 8, and 9— 
40°-58°, 08° 


72°, and 78°-82° F., respectively. Light: 
goo foot-candles; 13-hour daily photoperiod. Abscis- 
sa as in figs. 1 


> 


of the corresponding controls (fig. 4). 
The primary leaves treated in the dark 
folded upward along the midrib and be- 
came wavy and crinkled. The average 
weight of the trifoliate leaf blades of 
plants treated in the light was inversely 
correlated with duration of treatment, as 
in all other experiments. 

EXPERIMENT E.—The plants (series 
12) were placed in the dark 48 hours be- 
fore each was treated with 67 ug. of 
NH,(2,4-D) in water with 0.5% Car- 
bowax 1500 and were left in the dark for 
the following 72 hours. The temperature 
of the dark room varied from 82° to 
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86° I. At the time of application the first 
trifoliate leaf was just starting to expand. 

There was a continued absorption of 
the salt in the dark during the entire time 
that the material remained on the leaf 
(fig. 4), as was true when Carbowax was 
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Fic. 4.—Effect of light on: (above) absorption of 


NH,,(2,4-D) by bean leaves; (below) stem curvature 
(broken line) and growth inhibition (solid line), ex 
pressed as in figs. 1-2, of plants treated at base of 
midrib of one primary leaf with 67 ug. of NH,(2,4- 
D) in aqueous solution. Series 12, 0.5% Carbowax 
1500 added to solution. Light: series 10, goo foot- 
candles with 13-hour daily photoperiod; series 11 
and 12, complete darkness. Temperature ranges: 
series 10 and 11, 76° 


82° F.; series 12, 82°-86° F. 
Abscissa as in figs. 1-2 


used in the treatment in the light in ex- 
periment B. There was no stem curva- 
ture, but, as in experiment D, the treated 
primary leaves folded upward along the 
midrib and became crinkled and wavy. 
Growth of the trifoliate leaf blades was 
not visibly affected by the treatment. 
EXPERIMENT F.—Series 13, of eighty 
plants, was placed in light of 100 foot- 
candles, series 14 in goo foot-candles (13- 


hour photoperiod in both series), and 
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series 15 in complete darkness, all 24 
hours before each plant was treated with 
67 wg. of NH,(2,4-D) in water only. The 
temperature range for all series was the 
same, 69°-77° F. The first trifoliate leaf 
had not yet started to expand at the 
time of application. 
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back at the tips or folded upward along 
the midrib. They usually became slightly 
wavy and crinkled also. 

The treated primary leaves on plants 
in light of 100 foot-candles became wavy 
and crinkled but not to the same degree 
as those in the dark. There was some 


TABLE 2 
EFFECT OF LIGHT ON ABSORPTION OF WHOLLY AQUEOUS SOLUTION OF NH,(2,4-D) 
DATA BASED ON FOURTEEN PLANTS FOR EACH SERIES AT EACH CLIPPING 


Series 10, 900 foot-candles light 


Series 11, complete darkness 


Series 13, 100 foot-candles 
Series 14, 900 foot-candles 


Series 15, complete darkness 


DIFFERENCE BETWEEN SERIES IN uG. ABSORBED 
(NEAREST WHOLE VALUE) 
Time of clipping after treatment 
All 
clippings 
+ hours rohours 24 hours 48 hours, 72 hours | 
Experiment D—Temperature 76°-82° F 
Series 11 —series 10. . +14T +5 +iit +23" +ot +12* 
Experiment F—Temperature 69°-77° F. 
| 
Series 14—series 13... +1] + 2 ee +1 + 1 
Series 15—series 14... + 3 +6* + 4f| + 7* +s5* | + 5° 
Series 15—series 13..... + 4f +7* + 6* + 6* +0" | 436" 


* Significant at o.o1 level. 


The amounts absorbed at goo foot- 
candles and at 100 foot-candles were es- 
sentially the same. There were no sta- 
tistically significant differences between 
the amounts absorbed by these series at 
any one time or when all clippings were 
considered together (table 2). 

More of the salt was absorbed in the 
dark than in either of the series in the 
light (fig. 5). Most of these differences 
were statistically significant (table 2). 

There was no sterfi curvature in series 
15. The treated primary leaves on these 
plants in the dark, however, either curled 


t Significant at 0.02 or 0.05 level. 


stem curvature in most of the treate! 
plants in this series, but the average cur- 
vature was less at every measurement 
than for plants at goo foot-candles (fig. 
5). The average curvature in plants at 
100 foot-candles was considerably greater 
1o hours after treatment than at any 
other time. 

The weight of the harvested trifoliate 
leaf blades of the plants treated in the 
dark approximated that of the corre- 
sponding controls (fig. 5). This value for 
plants treated at 100 foot-candles (series 
13) was considerably less than the cor- 
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responding controls in those cases in 
which the treated leaves remained at- 
tached for over 24 hours. The average 
weight of trifoliate leaf blades (expressed 
as a percentage of the average of con- 
trols) in series 14 was considerably less, 
however, than in series 13. 

In all three series in this experiment, as 
in all other experiments in which Carbo- 
wax was not used, most of the absorption 
of the salt apparently took place within 
the first 4-hour period after application. 


Discussion 

When NH,(2,4-D) was applied in 
water without Carbowax 1500, in most 
cases the water was observed to evapo- 
rate completely, resulting in crystalliza- 
tion of the salt still on the surface, within 
approximately 4 hours after application 
in the higher temperature ranges. In 
these cases it was found that most of the 
absorption of the salt occurred during 
this period (figs. 1, 4, 5). In the lowest 
temperature range the treated area re- 
mained moist for a considerably longer 
period of time, and absorption continued 
beyond the first 24-hour period after ap- 
plication (fig. 1). These results of meas- 
urement of the absorption of the salt in 
aqueous solution agree fairly closely with 
the conclusions reached indirectly by 
WEAVER and DERosE (14), who, in in- 
terpreting the results of WEAVER et al. 
15), stated that “almost maximum dam- 
age ensued if young plants [Red Kidney 
bean] were not subjected to an artificial 
rainfall until 6 hours after exposure [to 
aqueous NH,(2,4-D) sprayed on them], 
indicating maximum entry of the com- 
pound into the plant within this period.”’ 
By ‘maximum entry” the authors ap- 
parently meant the maximum under the 
conditions of the experiment and not the 
total amount that could enter the plants 
under any circumstances. 
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In all experiments except experiment 
I’, the plants used grew in the greenhouse 
during warm weather. When they were 
treated, the drop of solution remained at 
the base of the midrib of the treated leaf. 
The piants used in experiment F grew in 
the greenhouse during cool weather and 
required several days longer than the 
others to reach the same apparent stage 
of development. When their leaves were 
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Fic. 5.—As in fig. 4. Plants treated with 67 ug. of 


NH,,(2,4-D) in wholly aqueous solution. Tempera 
ture range: 69°-77° F. Light intensities for series 13, 
14, and 15: 100 foot-candles, goo foot-candles, and 
complete darkness, respectively. Daily photoperiod 
of 13 hours for series 13 and 14. 


treated with NH,(2,4-D) in water (no 
Carbowax), the solution tended to creep 
along the midrib and thence out along 
the lateral veins. As a consequence, dry- 
ing occurred quite rapidly, and the 
amount of the salt absorbed was con- 
siderably less than by plants of the same 
apparent stage of development similarly 
treated in experiment D. Whether the 
behavior of the drop was an important 
factor in the difference in absorption can 
only be conjectured. SmiruH (11), using 
wholly aqueous solutions of NH,(2,4-D) 
in herbicidal studies, found that sprays 
of relatively Jarge-droplet size (561 

250 uw av. diam.) were more effective than 
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those of smaller-droplet size (30 u av. 
diam.). A possible interpretation of his 
results would suggest that the length of 
time required for evaporation of the 
water applied in treatment is an impor- 
tant factor influencing the total amount 
of the salt absorbed when no hygroscopic 
agent is added. It should be pointed out 
that the temperature range in experiment 
I) was somewhat higher than in experi- 
ment I’. This might account for some of 
the greater absorption in experiment D. 
The amount absorbed in experiment F, 
however, was even less than that ab- 
sorbed in the lowest temperature range 
of experiment A by plants in a more ad- 
vanced stage of development. These ob- 
servations on the behavior of the drop 
suggest that there may be differences in 
the leaf surfaces of plants grown in cool 
and warm weather which may condition 
their absorption of aqueous sprays. 

In contrast to the limited absorption 
of the salt after the first 4 hours when 
applied in wholly aqueous solution are 
the results obtained when Carbowax 
1500 was added to the solution (I igs. 2, 
4). At every temperature range tested 
and in complete darkness as well as in 
light, the presence of Carbowax 1500 in 
the solution resulted in the salt being 
absorbed continuously for 72 hours. A 
suggestion made by ENNIs and Boyp (2) 
thus seems to be the correct explanation 
of the action of Carbowax in increasing 
the effectiveness of various growth sub- 
stances applied to the kidney bean. They 
stated that “the presence of Carbowax 
effects the retention of moisture on the 
leaf surface for an interval sufficient to 
permit absorption of the compound by 
the epidermal leaf tissues.” 

It was found that NH,(2,4-D) in aque- 
ous solution entered the kidney-bean leaf 
in the lowest temperature tested (46° 
58° F.), although the rate of entry at low 
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temperatures was considerably less than 
at higher temperatures. However, with 
Carbowax 1500 added, the amount of 
salt absorbed in 72 hours in the lowest 
temperature range was as great as in the 
intermediate temperature range without 
Carbowax. 

In experiments A and B, the total 
amount of salt absorbed was positively 
correlated with temperature. It is impos- 
sible to say whether the differences in the 
rates of absorption at various tempera- 
tures resulted from the effects of tem- 
perature on diffusion phenomena and 
permeability or whether there were 
structural differences of the leaves them- 
selves which affected the diffusion of the 
salt into them. The latter seems doubt- 
ful, since the temperature differential 
was maintained for only 48 hours before 
application. 

No stem curvature in response to 
treatment was exhibited by any plant in 
the lowest temperature range (46°- 
58° I.) within 4 hours after application, 
while practically every plant in the inter- 
mediate and highest temperature ranges 
in all experiments showed some curva- 
ture within that period. The lack of 
visible response at the lowest tempera- 
ture could be a consequence of the effect 
of temperature on the rates of one or all 
the following processes: absorption of 
NH, (2,4-D), translocation of the growth- 
regulator to the stem, or growth re- 
sponses in the stem. It has been conclu- 
sively shown that the rate of absorption 
was considerably less in the lowest tem- 
perature range, so that factor could have 
been responsible, in part at least, for the 
lack of stem curvature at the end of 4 
hours after application. This does not 
prove, however, that the other two fac- 
tors were not important. Another fact 
which tends to complicate the interpreta- 
tion of the results of the translocation 
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studies in low temperatures is that the 
treated primary leaves had to remain at- 
tached for approximately the same length 
of time in all temperature ranges for 
maximum growth inhibition (for the 
given conditions) to ensue. Moreover, no 
curling or folding of the treated primary 
leaves occurred in the low temperature 
range at any time after treatment. This 
was in marked contrast to the visible re- 
sponses of primary leaves treated in the 
dark or in low light intensity and from 
which complete translocation of the salt 
apparently did not take place. The last 
two facts may possibly indicate that 
most of the growth-regulator which en- 
tered the leaf in the low temperature 
range was translocated into the re- 
mainder of the plant just as it was in the 
higher temperature ranges. However, the 
evidence is insufficient to determine the 
effect of temperature on the rate of trans- 
location. 

In the present experiments it was 
found that more NH,(2,4-D) actually 
entered the leaf in the dark than in the 
light, the differences being highly sig- 
nificant in most cases. Despite this fact, 
no stem curvature occurred in any plant 
kept in the dark during the period be- 
tween application and clipping of the 
treated leaf. Moreover, the average 
weight of the harvested trifoliate leaf 
blades of plants treated in the dark was 
essentially the same as that of the cor- 
responding controls. These facts suggest 
either that no translocation of the growth- 
regulator out of the leaf occurred in the 
plants kept in the dark or that, even if 
translocated, it was not effective in evok- 
ing responses in the remainder of the 
plant. Two factors which may have con- 
tributed to the greater absorption by the 
plants in the dark were their greater suc- 
culence and the slightly longer time re- 
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quired for the water applied to them in 
treatment to evaporate. 

Although the amount of the salt ab- 
sorbed was essentially the same at 100 
foot-candles of light as at goo foot- 
candles, the average stem curvature was 
less at every measurement in the former 
series. The primary leaves treated at the 
lower intensity tended to become wavy, 
similar to those in the dark but in lesser 
degree, while the primary leaves treated 
at goo foot-candles were not visibly af- 
fected. Moreover, the average weight of 
the trifoliate leaf blades of plants treated 
at 100 foot-candles (expressed as a per- 
centage of corresponding controls) was 
more in every case than those treated at 
goo foot-candles. These facts suggest 
that the limiting factor in the systemic 
activity of the salt in low light intensities 
was its slower translocation out of the 
treated leaf into the stem. 

Although relative inhibition of growth 
of the trifoliate leaf blades was used in 
the present experiments as a partial indi- 
cation of the amount of translocation, 
the writer is fully aware that this is not 
an absolute measure and used it only be- 
cause of the lack of a better method. 
MITCHELL ef al. (10), after applying 
2-iodo-3-nitrobenzoic acid containing ra- 
dioactive iodine to one primary leaf of 
young bean piants, found that growth of 
the terminal buds was reduced roughly 
in proportion to the amount of the 
growth-regulator accumulated in them 
until a concentration of 2.7 ug./50 mg. 
of dry tissue was reached. At higher con- 
centrations, no greater inhibition oc- 


curred. WEAVER (13) reported a strong 
inverse correlation between the weight of 
trifoliate leaf blades of the Red Kidney 
bean and the amount of 2,4-D earlier ap- 
plied in aqueous sprays. In the present 
investigation a negative correlation was 
found between the amount of NH,(2,4- 
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D) absorbed in experiments A and B and 
the fresh weight of the harvested trifoli- 
ate leaf blades for all plants, regardless of 
the time of clipping the treated primary 
leaves. In experiment B this correlation 
was highly significant (0.01 level) for all 
plants except those from which the 
treated leaves were clipped 4 hours after 
application. In experiment A the correla- 
tion was statistically significant for the 
plants from which the treated primary 
leaves were clipped after 24 and 48 hours 
but not for the others. The limited trans- 
location which had occurred during the 
first 4 hours after application perhaps 
accounts for this lack of a significant level 
of correlation in those plants from which 
the treated primary leaves were then 
clipped. 

There was no consistent statistical cor- 
relation between the amount of the salt 
absorbed and the degree of stem curva- 
ture at the time of removing the treated 
leaf. It was positive, however, for the 4- 
and 1o-hour clippings in experiments A 
and B and significantly. so at both times 
in experiment B. As previously pointed 
out, the greatest average curvature after 
the first 4-hour period consistently oc- 
curred in the intermediate temperature 
range, although more of the salt was ab- 
sorbed in the highest temperature range. 
Apparently there are many factors which 
condition the amount of stem curvature 
resulting from a given treatment. Conse- 
quently, the degree of curvature definite- 
ly is not an accurate measure of the 
amount of a given growth substance 
which has entered a plant even though 
such use has been made of it in the past. 

In conclusion, Carbowax 1500 appar- 
ently increases the effectiveness of vari- 
ous growth substances applied to the 
kidney-bean leaf in aqueous solution by 
causing enough moisture to be retained 
on the treated area to permit absorption 
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of the material over a longer period of 
time, thus effecting a greater amount of 
absorption of the growth-regulator. Car- 
bowax does not appear to have any effect 
on the rate of translocation of such com- 
pounds, although the evidence is insuf- 
ficient for a definite conclusion. Rate and 
amount of absorption of NH,(2,4-D) by 
the leaves of kidney-bean plants are posi- 
tively correlated with temperature. The 
evidence as to the effects of temperature 
on its translocation is not conclusive. 
Rate and amount of absorption of the 
salt are greater in the dark than in the 
light, but various light intensities (100 
f.-c. or above) do not appear to have any 
effect on absorption if temperature is 
constant. There apparently is no translo- 
cation of NH,(2,4-D) out of the treated 
leaf in the dark, or, if translocated, it is 
not effective in evoking responses in the 
remainder of the plant. The rate of trans- 
location in the light, however, is appar- 
ently positively correlated with inten- 
sity, at least in the lower intensities. In 
general, these results substantiate the 
conclusions of the majority of other 
workers (7, 14) that translocation of the 
growth stimulus occurs most rapidly un- 
der conditions favoring photosynthesis 
in, and the movement of food materials 
from, the treated area. 


Summary 


1. Young Red Kidney bean plants 
were treated by applying a known 
amount of ammonium 2,4-dichlorophe- 
noxyacetate [NH,,(2,4-D)] to the base of 
the midrib on the upper surface of one 
primary leaf. The treated leaves were cut 
off at the bases of the petioles at various 
intervals (4, 10, 24, 48, and 72 hours) 
after application so as to interrupt fur- 
ther translocation of the growth-regula- 
tor from the leaf to other parts of the 
plant. Fresh weights of the expanded 
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trifoliate leaf blades on treated and con- 
trol plants g days after application of the 
salt were used in evaluating the relative 
amounts of growth inhibition which re- 
sulted for the various time intervals dur- 
ing which its translocation from the leaf 
was possible. The average degree of stem 
curvature at the time of clipping the 
treated primary leaves was also used as a 
supplementary indication of the amount 
of such translocation. To determine how 
much NH,(2,4-D) was apparently ab- 
sorbed by each leaf, the treated area was 
washed volumetrically with distilled wa- 
ter. The washings were tested for content 
of the salt by a slight modification of the 
method developed by BANDURSKI (1). 
The amount left on the surface of a 
treated leaf at any time and thus meas- 
ured was subtracted from the amount 
applied to give an approximate measure 
of the amount absorbed. 

2. Much of the absorption of NH,(2,4- 
)) from a wholly aqueous solution by the 
leaf occurred within the first 4 hours after 
application. The addition of 0.5% by 
weight of Carbowax 1500 to the solution 
resulted in the salt being absorbed con- 
tinuously during the period of treatment 
(72 hours). 

2. The amount of the salt absorbed was 
positively correlated with temperature 
values during treatment, both with and 
without Carbowax. 

4. There was no significant difference 
between the amounts of the salt ab- 
sorbed at 100 foot-candles of light and at 
goo foot-candles at the same air tempera- 
ture; the amount absorbed in the dark 
was significantly greater. 

5. The fresh weight of the trifoliate 
leaf blades of plants treated in the dark 
was essentially the same as that of the 
corresponding controls, and no stem cur- 
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vature occurred. In addition, the treated 
primary leaves folded upward along the 
midrib and became wavy. These facts 
suggest that, though there may have been 
movement of NH,(2,4-D) within the 
treated leaf, no translocation from the 
treated leaf occurred in complete dark- 
ness. 

6. The relative fresh weights (expressed 
as a percentage of the average of the con- 
trols) of the trifoliate leaf blades of plants 
treated at 100 foot-candles of light were 
considerably greater than those of plants 
treated at goo foot-candles, even though 
the amounts of the growth-regulator ab- 
sorbed were the same. The average de- 
gree of stem curvature was considerably 
higher in the latter series. Moreover, the 
primary leaves treated at the lower in- 
tensity tended to become wavy, similar 
to those in the dark but in lesser degree, 
while those at goo foot-candles were not 
visibly affected. All these facts suggest 


that the rate of translocation of NH,(2,4- 


D) from the leaf in the kidney bean is 
positively correlated with light intensity 
prevailing during treatment, at least for 
the lower intensities. 

7. The available data do not indicate 
any effect of Carbowax 1500 on translo- 
cation of NH,(2,4-D) from the treated 
leaf. 

8. Data concerning the effects of tem- 
perature on the rate of translocation of 
the growth-regulator were inconclusive. 


The writer acknowledges with sincere 
thanks the advice and assistance given 
by Dr. CHartes FE. Otmstrep, Mr. 
ROBERT S. BANDURSKI, and Dr. ROBERT 
J. WEAVER of the Department of Botany 
of the University of Chicago during the 
course of this investigation. 
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INACTIVATION OF 2,4-DICHLOROPHENOXYACETIC ACID IN SOIL 
AS AFFECTED BY SOIL MOISTURE, TEMPERATURE, THE 
ADDITION OF MANURE, AND AUTOCLAVING 


JAMES W. BROWN’ AND JOHN W. MITCHELL’ 


Introduction 

Several workers have noted that some 
time after 2,4-dichlorophenoxyacetic acid 
(2,4-D) is applied to soils its effectiveness 
as a herbicide may be markedly reduced 
or entirely eliminated (1, 2, 3, 5, 6, 7, 8). 
MircHELL and Martu (6) found that 
2,4-D was still strongly active after stor- 

' Assistant Physiologist, Senior Physiologist, 
Bureau of Plant Industry, Soils and Agricultural 
Engineering, Agricultural Research Administration, 
U.S. Department of Agriculture, Beltsville, Md. 


age for 18 months in air-dry soil which 
was relatively low in organic matter, but 
in some of their tests it showed no activ- 
ity in well-manured soil which had been 
treated with 2,4-D and kept moist for 2 
weeks. 

The present experiments were under- 


3 Since this paper was submitted for publication 
the following article was published: Krres, OLIVE 
H. Persistence of 2,4-dichlorophenoxyacetic acid in 
soil in relation to content of water, organic matter, 
and lime. Bor. GAz. 108:510-525. 1947. 
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taken to test the effect of levels of soil 
moisture, soil temperature, the addition 
of manure, and autoclaving on the in- 
activation of 2,4-D in soil. 


Experimentation 
SOIL TEMPERATURE 

MertHops.—Experiments were started 
on September 23, 1946, to evaluate the 
effect of temperature on the rate of in- 
activation of 2,4-D in soil. Flats were 
fitted with wooden partitions so that 
their 1X2 foot interiors were divided in- 
to twelve compartments approximately 
4X6X2} inches. Moisture-proof cello- 
phane liners were constructed and fitted 
to each of these compartments. To pro- 
vide drainage and to minimize soil-mois- 
ture contamination between compart- 
ments, two holes were made in the bot- 
tom of each liner directly above aper- 
tures in the flats. Fertile, composted soil 
was placed in each compartment to a 
depth of approximately 2 inches. 

Surface applications of 2,4-D were 
made at rates of 0.0, 3.5, 7.0. 17.4, 52.2, 
and 174.0 mg. per pound of soil, approxi- 
mately equivalent to 0, 2, 4, 10, 30, and 
100 Ib. per acre. The necessary amounts 
of 2,4-D for treating all compartments 
receiving the same rates were dissolved 
in 60 cc. of 95% ethy)] alcohol (warmed 
gently for the higher rates). The solu- 
tions were poured into glass dishes con- 
taining enough quartz sand to make a 
total dry weight of 200 gm. when com- 
bined with the weight of the added 
2,4-D. The alcohol was evaporated off at 
80° C., and the mixtures of 2,4-D and 
sand were thoroughly stirred in order to 
insure even distribution of the acid. Ali- 
quots of 5 gm. from each dish thus pro- 
vided equivalent surface applications of 
the acid at the desired rates. There were 
two replications of each treatment in 
each flat. 
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All compartments were watered equal- 
ly. The individual flats were weighed and 
then stored. During storage, moisture 
levels were maintained by weight at bi- 
weekly intervals. The moisture content 
was approximately 20%, an amount 
which maintained the soi] in a condition 
suitable for planting. Equal numbers of 
flats were stored at 36°, 50°, and 70° F., 
and one flat was removed from each tem- 
perature after having been stored for o, 
+, 1, and 2 months. 

Upon removal from storage, the flats 
were transferred to a greenhouse (65° 
75° F.). Four rows of seeds were planted 
in each compartment, alternate rows 
containing ten mustard and ten barley 
seeds. Unfortunately, the first two plant- 
ings (o and 3 month) were with freshly 
harvested mustard seeds which were 
somewhat dormant, but the last plant- 
ings (1 and 2 months) were made with 
older seed from another source and hav- 
ing a higher percentage of germination. 

Emergence counts were made 20 days 
after planting, and after 35 days fresh 
weights of plants from the individual 
rows were obtained. 

The sensitivity of mustard to 2,4-D is 
relatively high, and survival and yield 
data obtained with mustard were there- 
fore used as a measure of the inactivation 
of 2,4-D. Barley is relatively resistant to 
2,4-D and was used as an indicator of the 
amount of 2,4-D that could be added to 
the soil without significantly reducing its 
growth. 

RESULTS.—Survival of mustard in- 
creased with storage temperature up to 
70 F., the 2,4-D being inactivated at a 
more rapid rate and to a greater degree 
at the highest temperature tested (table 
1, figs. 1, 2). The activity of 2,4-D ap- 
plied at a rate of 10 Ib. per acre in soil 
stored for 2 months at 70° F. showed no 
appreciable effect on the survival of mus- 
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tard planted after that time, whereas 

2,4-D at a rate of 2 lb. per acre in soil 

stored at 36° F. for the same length of 

TABLE 1 

SURVIVAL COUNT OF MUSTARD 20 DAYS AFTER 
PLANTING IN SOIL TREATED WITH VARIOUS 
AMOUNTS OF 2,4-D AND STORED FOR 0, 3, 1, 
OR 2 MONTHS AT 36°, 50°, OR 70° F. EACH OB- 
SERVATION REPRESENTS NUMBER OF PLANTS 
SURVIVING FROM FORTY PLANTED SEEDS 


( rRAT MONTHS OF SOII 
DD IN soll STORAGE 
M Lb. /acre } I 
Pe) red t I 
0.0 e) 20 21 31 37 
2.5 2 oO 4 10 12 
7.0 4 ° ° 3 ° 
17.4 10 °) 1°) ie) ° 
S37 30 ° ° ° ° 
174.0 100 ° ° ° Oo 
Stored at 50° F. 
0.0 ° 10 25 35 34 
2 ° 3 30 33 
Oo 4 ‘e) .e] 32 27 
17.4 10 ro) ° II 15 
2.2 30 °] 1°] ° @) 
74.0 100 ‘e) fo) ° ° 
Stored at 70° I 
0.0 fe) 13 26 34 35 
3-5 2 I 25 37 35 
7-° 4 I 15 34 34 
17.4 10 fe) 17 a) 32 
52.2 30 ° ° 3 15 
174.0 100 °) ° ° ° 
Difference required for significance at the 5° and 
eve 8o and 8.96, respectively 


time was still highly active by the same 
standards (table 1). 

The data obtained on the survival of 
barley were consistent but are misleading 
in that emergence of barley is not serious- 
ly influenced by the presence of relatively 
large amounts of 2,4-D, whereas the sub- 
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sequent growth and development of bar- 
ley seedlings may be markedly affected 
(fig. 1). Data on barley yields (table 2) 


TABLE 2 
FRESH WEIGHT (GM.) OF TOPS OF BARLEY PLANTS 
35 DAYS AFTER PLANTING IN SOIL TREATED 
WITH VARIOUS AMOUNTS OF 2,4-D AND 
STORED FOR 0, 3, 1, OR 2 MONTHS AT 36°, 50° 
OR 7o F. 


EACH OBSERVATION OBTAINED 
FROM 40 PLANTED SEEDS 


MONTHS OF SOIL STORAGE 


Mg./\b Lb. /acre ° } I 


Stored at 36°F. 


0.0 ° 54-4 | 02.0 79.1 87.3 
ee 2 20.9 | 91.8 | 9go.1 81.4 
7-0 4 38.8 | 64.3 | 77-7 54-5 
17.4 10 pie) OE Li 37-5 37-2 
§4:9 30 0.8] 0.7 2.4 2.4 
174.0 100 0:0} ©.0[ ao 2.0 
Stored at 50° I 
0.0 fe) 53.8 | 70.5 | 114.7 go.4 
5 2 30.7 | 76.8 | 119.3 84.1 
7.0 } 45.2 | 88.7 | 125.8 95.6 
17.4 Io Q.2 37-3 50.4 72.0 
52.2 30 0.0} 3-5 7-4] 13.5 
174.0 100 0.0} 0.0 0.0 0.0 
| 
Stored at 7 I 
0.0 ° 43.5 | 84.5 | 129.9 68.0 
5 2 | 44-4 |] 09.5 | 105.5 | 100.9 
7.0 4 24.2 | 76.4 | 120.6 75-5 
17.4 10 7 7 | 68 6| 90.9) 68.6 
52.2 30 O:2} 3.3 $2:3 67.9 
174.0 100 0.90} 0.8 0.0 | 4-7 
| 
Difference required for significance at the 5% and 1°; 
levels 24.08 and 31.75, respectively. 


indicate that the 2,4-D effect has been 
minimized after 2 months of storage at 
70 I. even at a rate of application of 
30 lb. per acre, while storage for the 
same period at 30° and at 50° F. gave 
comparable indications for rates of 2 and 
10 lb. per acre, respectively. 
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Since planting dates were staggered 
because of the different lengths of stor- 
age, plants harvested at the end of each 
test period (35 days) were exposed to 
seasonal variations of some environmen- 
tal conditions. Although grown in a 
greenhouse, growth of the different sets 
of test plants varied because of these 
seasonal changes. 


SOIL MOISTURE 


MertnHops.—-In studying the inactiva- 
tion of 2,4-D in soil, duplicate experi- 
ments were made to test four soil mois- 
ture levels (23, 10, 20, and 30%), six 
rates of 2,4-D application similar to 
those used in the temperature experi- 
ments, two types of application (surface 
and mixed into the soil), and two storage 
periods (2 and 4 weeks). 

On October 24, 1946, ninety-six ali- 
quots (195 gm. each) of air-dry soil were 
weighed into moisture-proof cellophane 
bags shaped to fit 3-inch clay pots. 
Treatments were then applied to the sur- 
face of the soil by sprinkling 5 gm. of 
quartz sand containing the respective 
quantities of 2,4-D for the above rates. 
For the mixed applications, batches of 
the same air-dry soil were thoroughly 
mixed with 2,4-D so as to give the same 
rates of application, calculated on the 
basis of 2 million lb. as the weight of 
the surface soil of one acre. Two hundred 
grams of the mixture of soil and 2,4-D 
were weighed into each of the cellophane 
envelopes contained in a second set of 
ninety-six pots. 

The moisture content of the air-dry 


soil was approximately 25%. Pots al- 


lotted for each concentration, type of ap- 
plication, and storage period were then 
brought up to 10, 20, and 30% moisture. 
Thus, in each group of twenty-four pots, 
six groups of four pots each contained 
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different concentrations of the acid, each 
concentration had four moisture levels, 
and all twenty-four pots served as one 
replicate for one type of application, 
Since each type of application had two 
replicates, a total of ninety-six pots was 
included in each storage period em- 
ployed. 

After the moisture levels were ad- 
justed, the cellophane envelopes were 
closed by sealing them with a hot iron. 
The initial weights of the pots were ob- 
tained, and the pots were stored under 
brown paper on a bench where the tem- 
perature varied from 65° to 75° F. 

At the end of 2 weeks, half the pots 
removed from storage, the cel- 
lophane containers opened, and a hole 
punched in the bottom of the latter to 
afford drainage. They were then placed 
in a shallow tray of water to bring all soil 
samples to an optimum level for planting 
seeds. Each pot was then planted with 
ten selected seeds of Southern Giant 
Curled mustard (Brassica japonica). 

The remaining pots were weighed and 
adjusted to their former weights by the 
addition of water through a slit cut in the 
cellophane which was then closed with 
cellophane tape. The water loss from soil 
samples (owing to imperfect sealing of 
the cellophane containers) was less than 
570: 

Counts of mustard made 11 days after 
sowing represented emergence and sur- 
vival of the seedlings and offered a means 
of evaluating the inactivation of 2,4-D in 
the soil. 

At the end of 4 weeks the remaining 
group of soil samples was handled in a 
similar manner. 

REsuLts.—The inactivation of 2,4-D 
in the soil was influenced significantly by 
the rate and type of application of the 
acid, the soil-moisture level during stor- 
age, and the length of the storage period 
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(table 3). There was not a significant dif- 
ference between replications. 

When the 2,4-D was mixed into the 
soil prior to storage, the survival of mus- 
tard planted after the storage period was 


TABLE 3 

SURVIVAL OF MUSTARD SEEDLINGS 11 DAYS 
AFTER PLANTING IN SOIL THAT HAD PRE 
VIOUSLY RECEIVED VARIOUS AMOUNTS OF 
2,4-D, EITHER APPLIED TO SURFACE OR 
MIXED INTO SOIL, AND HAD BEEN STORED 
AT DIFFERENT MOISTURE LEVELS FOR 2 AND 
4 WEEKS. FIGURES REPRESENT NUMBER OF 
SEEDLINGS THAT SURVIVED FROM TWENTY 
SEEDS PLANTED 


( ENTRATION OF SURFACE AP MIXED WITH 
,4-D IN SOIL PLICATION SOIL 
Moisture Moisture (")) 
M LI} cre a 
24 | 10| 20| 30| 23 | 10, 20! 30 
veeks’ storage 
0.0 re) 14} 15 15; 10; 11 17, 15; 10 
2s 2 o oO 4) 16) 1, 10} 14) 16 
7.0 4 Oo of 2) 12) O 3) 37) 35 
17.4 10 o of Oo 144 0 Of 7] 14 
52.2 30 o0a0 to oo ao 8 
174.0 100 aoa a wt oOo a oO (CO 
4 weeks’ storage 
0.0 Oo 18 19 16 20 13 18) Ig) 18 
:< 2 1| 11} 18| 20 of} 18; 18) 20 
7.0 4 Oo Il 10 13 © Ig 18) 20 
17.4 10 Oo 62) 6} 16) oO I5§| 17) 19 
oe 30 ° I oO 13 ° I} 10, 19 
174.0 100 oaognrHoeagaq 3 


Difference required for significance at the 5°¢ and 
evels = 3.8 and 5.0, respectively 
1.4 times greater than when the 2,4-D 
was applied to the surface of the soil, in- 
dicating that the toxic effects of the 
chemical were reduced as a result of 
mixing. 

A direct relationship existed between 
the soil-moisture levels of the stored soil 
and the inactivation of 2,4-D (fig. 3). The 
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samples containing 2,4-D that had the 
highest soil moisture during storage later 
had approximately 122 times as many 
surviving mustard seedlings as did those 
with the lowest soil moisture. 
Regardless of the conditions used, the 


toxic effects of 2,4-D decreased as the 
length of storage increased. The survival 
of mustard in soil containing 2,4-D that 
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Fic. 2.-Percentage over-all survival of mustard 


in soil which, prior to planting, was stored at 36°, 


50°, or 70° F. Various lots treated with 2,4-D (2, 4, 


10, 30, or 100 lb./acre) and stored for 0, }, 1, or 2 


months at each temperature. Survival in untreated 
soil for each temperature rated as 100%. 


had been stored 4 weeks was 2.1 times 
greater than that of seedlings in com- 
parable samples that had been stored for 
only 2 weeks. 
MANURE 

Metuops.—To test the effect of or- 
ganic matter (cow manure) on the rate of 
inactivation of 2,4-D in soil, the acid was 
mixed with soil low in organic matter. 
Manure was applied to 16-lb. lots of soil 
without 2,4-D at the rate of 0, 10.8, 21.6, 
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43.2, and 86.4 gm. per lot and also at the 
same rates to soil that had received 
2,4-D at the rate of 124.8 mg. per lot. 
These applications were equivalent to 
manure at the rate of 0, 1000, 2000, 4000, 
and 8000 lb. per acre, and 2,4-D at the 
rate of 10 lb. per acre. 
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Fic. 3.—Percentage over-all survival of mustard 


in soil which, prior to planting, was stored with soil 
moisture content of 2.5, 10, 20, or 30%. Various lots 
treated with 2,4-D (2, 4, 10, 30, or 100 Ib. /acre) and 
held for 2 or 4 weeks with maintained moisture lev- 
els. Survival in untreated soil for each moisture level 
rated as 100°%. 


ach 16-lb. lot of soil received 400 gm. 
of quartz sand which was used as a dis- 
persing medium for both the manure and 
the 2,4-D. The 2,4-D was first carefully 
mixed with 200-gm. portions of the 
sand; then this mixture was incorporated 
into each lot of soil. The manure was first 
air-dried to obtain a moisture content at 
which it could be finely ground by means 
of a hand friction mill. It was pulverized 
in this way to facilitate mixing it with the 
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200-gm. portions of sand and ultimately 
with the soil. 

Each treated batch of soil was set up 
in duplicate so that the amount of in- 
activation of 2,4-D could be determined 
at two different time periods. After all 
samples had been mixed and brought to 
an optimum moisture content, they were 
wrapped in brown paper and then sealed 
in moisture-proof cellophane bags and 
stored at room temperature. After stor- 


TABLE 4 


PERCENTAGE EMERGENCE OF MUSTARD PLANTS 
8 DAYS AFTER PLANTING IN SOIL CONTAINING 
2,4-D AND VARIOUS AMOUNTS OF MANURE 
COMPARED WITH THAT OF OTHERS PLANTED 
IN SOIL CONTAINING LIKE AMOUNTS OF MA- 
NURE BUT WITHOUT 2,4-D 


TREATMENT | STORAGE PERIOD 
2,4-D Manure 
| 12 days 21 days 
Ib. /acre Ib. /acre | 
10 o- 4 8.6 ° 
10 | 1000s 42.0 40a 
10 | 2000 | 2458 30.6 
10 4000 23-4 37-4 
10 | 8000s re) ° 
° o | 78.2 17.5 
| 1000 83.0 YW 
° | 2000 | 7133 84.0 
° 4000} 93.6 85.5 
° | 8000 | 70.0 84.0 





age for 12 days, the soil of each treat- 
ment was potted in four pots, and mus- 
tard seeds were planted to determine the 
rate of 2,4-D inactivation. 
Resutts.—-The rate of inactivation of 
2,4-D mixed with soil low in organic mat- 
ter (without manure added) was rela- 
tively slow (table 4, fig. 4). The addition 
of manure at rates of 1000, 2000, and 
4000 lb. per acre greatly increased the 
rate of inactivation over that of unfer- 
tilized soil, but 8000 lb. per acre resulted 
in a marked decrease in the rate at which 
2,4-D was inactivated. This experiment 
was repeated three times, and results 
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similar to those presented were obtained 
on each occasion. 
AUTOCLAVED SOIL 
MeruHops.—An experiment was per- 
formed to observe the effect of autoclav- 
ing soil containing 2,4-D on the inactiva- 
tion of this compound during storage. 





vw 
NO 


Wooden partitions were inserted in two 
greenhouse flats to form in each twelve 
compartments 64X23 inches. Each 
compartment was lined with moisture- 
proof cellophane and then with brown 
wrapping paper. 

Twenty pounds of composted soil were 
used for each treatment. Treatments 


Fic. 4.—A, inactivation of 2,4-D (applied at rate equivalent to 10 lb. /acre) as indicated by growth of 
mustard plants in soil containing different amounts of manure: 7, no manure added; 2, 1000 lb. /acre; 
3, 2000 Ib.; 4, 4000 lb.; and 5, 8000 lb. /acre. B, growth of mustard in soil containing corresponding amounts 
of manure (rows 1-5) but without 2,4-D added. Plantings made after soil mixtures had been stored for 21 


days. Photographed 1 month after planting. 
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consisted in mixing 2,4-D into the ali- 
quots of soil at rates of 0, 4, and 10 Jb. 
per acre (calculated by surface area of 
compartments). After thorough mixing, 
aliquots of 2 lb. of the respective mix- 
tures were weighed into individual com- 
partments so that each treatment was 
replicated four times in each flat. The 
flats were then watered until optimum 
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ic. 5.—Percentage survival of mustard 11 days 
after planting in autoclaved soil and in soil that was 
not autoclaved, both of which had been stored for 2 
weeks with and without 2,4-D. 


moisture for planting was obtained, after 
which both flats were wrapped in: brown 
wrapping paper. One of the flats was 
autoclaved for 2} hours at 114°-116° C. 
Upon completion of the autoclaving, 
both flats were wrapped and sealed in 
cellophane to prevent undue changes in 
moisture during storage. After storage at 
65°-75° F. for 2 weeks, the flats were 
unwrapped, holes punched in the bottom 
of each compartment for drainage, and 
twenty-five mustard seeds were sown in 
each compartment. Survival counts were 
made 11 days after the seeds were sown. 
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Resutts.— The survival] of mustard 
owing to the inactivation of 2,4-D was 
significantly higher in the soil that had 
been stored for 2 weeks but not auto- 
claved (fig. 5). The survival of mustard 
was not significantly affected by auto- 
claving untreated soil. 


Discussion 


Based on these experiments, prolonged 
toxic effects of 2,4-D in soil would be ex- 
pected in arid regions or where low soil 
moisture prevails (5-10% or below). Soil 
temperatures below about 50° F. appar- 
ently retard the rate of 2,4-D inactiva- 
tion. Aside from soil-moisture effects, it 
might be expected that 2,4-D would per- 
sist for a relatively long period of time 
under field conditions during cold 
weather. 

The presence of organic matter (ma- 
nure) in the soil was also a factor that 
affected the rate of inactivation, but ap- 
parently only in extreme cases, such as in 
the soil that was very Jow in organic mat- 
ter and that soil to which relatively large 
amounts of manure were added. The 
maximum rate of inactivation of 2,4-D 
resulted in these experiments when ma- 
nure was added at the rate of 1000 lb. 
per acre. The retarding effect on inactiva- 
tion of the larger amounts of manure 
(2000-8000 lb. per acre) cannot be ex- 
plained on the basis of the results ob- 
tained so far. 

Activity of soi] micro-organisms seems 
to be associated with the process of in- 
activation of 2,4-D in soil, since its toxic 
effects remained at a high level during a 
period of at least 2 weeks in autoclaved 
soil. In contrast, a large part of the 2,4-D 
in unautoclaved soil stored under the 
same conditions of soil moisture and tem- 
perature was inactivated during the same 
period of time. Factors such as soil mois- 
ture, temperature, and organic-matter 
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content apparently influenced the rate of 
2,4-D inactivation indirectly, possibly 
through their effect on the growth of soil 
micro-organisms. Some soil microbes are 
apparently able to decompose 2,4-D when 
grown in artificial media containing the 
substance (5). 

Other processes, such as leaching (1) 
and the adsorption or chemical combina- 
tion of 2,4-D with other substances, no 
doubt also play a part in the inactivation 
of 2,4-D in soil. Leaching may result in 
the movement of 2,4-D throughout the 
soil so as to decrease the concentration in 
any one area below the toxic level. Lucas 
and HAMNER (4) have shown that 2,4-D 
is very readily adsorbed by activated 
charcoal and have suggested that a simi- 
lar phenomenon may account for the in- 
activation of 2,4-D in soil. It is assumed, 
however, that the inactivation of 2,4-D 
in soil was, in part at least, related to the 
activity of soil organisms and that fac- 
tors that favor this activity also favor an 
increased rate of inactivation of 2,4-D. 

It has been noted that 2,4-D is selec- 
tive in its action regarding certain or- 
ganisms (10) and that nitrate- and ni- 
trite-forming organisms were definitely 
injured by too p.p.m. but recovered in 
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10-40 days (9). They were more severely 
affected by 500 p.p.m., recovery of the 
nitrite organisms not being observed in 
go days following treatment. 


Summary 


1. The rate of inactivation of 2,4- 
dichlorophenoxyacetic acid in soil varied 
according to the moisture content of the 
soil during storage; the highest level used 
(30%) resulted in most rapid inactiva- 
tion. 

2. Inactivation of 2,4-D in soil also 
increased with the temperature at which 
the mixtures were stored, the most rapid 
inactivation occurring at jo F., the 
highest temperature used. 

3. Applications of 2,4-D that were 
mixed into the soil were inactivated dur- 
ing a shorter period of time than were 
like amounts applied to the soil surface. 

4. Light applications of manure to soil 
low in organic matter materially has- 
tened the inactivation of 2,4-D. 

5. The inactivation of 2,4-D in soil was 
significantly reduced by autoclaving. 
BUREAU OF PLANT INDUSTRY, SOILS 

AND AGRICULTURAL ENGINEERING 
BELTSVILLE, MARYLAND 
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WEED CONTROL IN SOILS WITH 2,4-DICHLOROPHENOXYACETIC ACID 
AND RELATED COMPOUNDS AND THEIR RESIDUAL EFFECTS 
UNDER VARYING ENVIRONMENTAL CONDITIONS’ 


CARL J. C. JORGENSEN AND CHARLES L. HAMNER 


Introduction 


Previous papers have reported success 
in destroying weed seed in manure, com- 
post, and soil, using various concentra- 
tions of 2,4-dichlorophenoxyacetic acid 
(2,4-D) and employing different methods 
of application (1, 2). Although such fac- 
tors as temperature and moisture have 
been mentioned (5) as having a bearing 
on the action and residual effect of 2,4-D, 
it seemed desirable to attempt more 
nearly to control these and other factors 
possibly affecting the weed-seed kill and 
subsequent retention of 2,4-D and re- 
lated compounds in soils. Furthermore, 
previous investigations have covered a 
rather broad range of concentrations. A 
narrower range was used in the experi- 
ments here described. 


Experimentation 

APPLICATION OF 2,4-D TO COLOMA SAND 

PROCEDURE.—Trials were conducted 
at Michigan State College, East Lansing, 
between June and September, 1946. Sur- 
face soil was collected from the college 
orchard and was inoculated with a weed- 
seed mixture containing more than twen- 
ty kinds of weeds, grass, and clover. 
Among them were such noxious weeds as 
quackgrass (Agropyron repens), yellow 
foxtail (Selaria lutescens), field sorrel 
(Rumex crispus), lamb’s-quarters (Che- 
nopodium album), bladder campion (Si- 
lene latifolia), night-flowering catchfly 
(S. noctiflora), yellow rocket (Barbarea 
vulgaris), false flax (Camelina micro- 
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carpa), field peppergrass (Lepidium cam- 
pestre), yellow trefoil (Trifolium procum- 
bens), evening primrose (Oenothera bien- 
nis), heal-all (Prunella vulgaris), bracted 
plantain (Plantago aristata), buckhorn 
plantain (P. lanceolata), ox-eye daisy 
(Chrysanthemum leucanthemum), and 
Canada thistle (Cirsium arvense). In ad- 
dition, the surface soil was later found to 
contain many additional weed seeds; 
among them, crabgrass (Digitaria san- 
guinalis), stink grass (Eragrostis major), 
pigweed (Amaranthus retroflexus), purs- 
lane (Portulaca oleracea), mallow (Malva 
rotundifolia), wild carrot (Daucus carota), 
prickly lettuce (Lactuca scariola), field 
sow thistle (Sonchus arvensis), and com- 
mon ragweed (A mbrosia elatior). 

Three chemicals were used in the exper- 
iment. The sodium salt of 2,4-D (so- 
dium 2,4-D) was used at 2, 8, and 16 
p.p.m., calculated on the basis of weight 
of air-dry soil, while the methyl ester of 
2,4-D and the acid were used only at 8 
p-p.m. Inasmuch as the ester and acid 
are not soluble in water, they were first 
dissolved in 95% ethy] alcohol; the solu- 
tions were then diluted with water. To 
incorporate the weed seed and 2,4-D ma- 
terials thoroughly, the soil containing the 
weed seed was turned several times while 
being sprinkled with the aqueous solu- 
tions. Fifty cc. of the weed-seed mixture 
were added to the amount of soil needed 
to fill sixteen greenhouse flats. The pre- 
pared soil was then put into flats and 
watered sufficiently to moisten thorough- 
ly without leaching. 

In order to determine the effect of soil 
temperature on weed-seed kill and subse- 


24 














JORGENSEN & HAMNER—2,4-D IN SOILS 


quent residual effect, the flats were 
placed under four conditions: greenhouse 
temperature (80°-105° F.), outdoor tem- 
perature (45°-80° F.), storage tempera- 
ture (36° F.), and cold-room temperature 
(o° F.). 

The effect of different soil-moisture 
contents on retention of the toxic effects 
of sodium 2,4-D was determined by 
three treatments: (a) saturation, in 
which the flats were kept very moist at 
all times; (b) optimum moisture, flats 
wetted two or three times daily depend- 
ing upon the weather; and (c) air-dry, 
with no application of water until 
planted with test seeds. 

To determine the effect of soil reaction 
on retention of toxic effects of 8 p.p.m. of 
sodium 2,4-D, two series of soil were 
treated—one with dilute sulfuric acid 
and the other with calcium carbonate 
to bring the pH values to approximately 
4.5 and 7.5, respectively. In all other 
flats of Coloma sand the pH value was 
approximately 6.0. 

At varying intervals of from 1 to 8 
weeks after treatment with growth regu- 
lators, designated flats were planted so 
that each contained ten seeds of Golden 
Bantam sweet corn, ten seeds of Little 
Marvel garden pea, and twenty seeds of 
Scarlet Globe radish. These plants were 
chosen since they represent the grass, 
legume, and crucifer families, respective- 
ly, and, in addition, are relatively rapid 
in germination. Each flat was divided 
into four sections crosswise. At the end 
of the desired time interval, the section of 
soil to be planted was loosened, fur- 
rowed, planted, and carefully raked. The 
remaining sections of the flat were not 
disturbed, in order to permit any weed 
seedlings to develop. Before planting, 
flats stored at cold temperatures were set 
out on the greenhouse benches for 24 
hours in order to bring their temperature 
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to that of the greenhouse. They were left 
in the greenhouse after planting. The 
outdoor flats were left outside through- 
out the experiments. 

The residual effects of sodium 2,4-D in 
the soil were also observed on tomato- 
seedling transplants which were planted 
in various flats 4 weeks after treatment 
with the salt. 

Various 2,4-D MATERIALS.—During 
the 8 weeks of the experiment weed seeds 
germinated, and the weeds grew rapidly 
in untreated flats in the greenhouse, 
while none appeared in any of the treated 
flats under similar conditions. Corn, 
peas, and radishes planted in the un- 
treated soil all grew vigorously except the 
first planting of radish, in which seed of 
low germination percentage was used. 
Lots with high germination percentages 
were used in subsequent plantings. 

Corn planted 1 week after treatment 
of the soil with the methy] ester of 2,4-D 
appeared unaffected by the growth regu- 
lator (table 1). That planted 1 week after 
soil treatment with 2,4-D appeared 
slightly affected, and that planted 1 
week after soil treatment with sodium 
2,4-D was affected considerably. Most 
frequently the affected sprouts were 
etiolated and showed definite curvature. 
Later, the leaves showed various degrees 
of curling and twisting. Some curled in- 
ward toward the base of blade; others 
showed a yellowing of the tips. Many 
corn seedlings failed to appear above the 
soil surface and, when dug up, had bent 
so severely that the tips were growing 
downward. Dwarfing or no growth was 
found in the case of peas and radish 
planted 1 week after soil treatment. 

Corn planted 3 weeks after treatment 
of soil grew normally in all flats. Peas 
planted 3 weeks after treatment of soil 
with either the ester or the acid ger- 
minated poorly, while those planted in 
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soil containing the sodium salt did not 
germinate. Similarly, radish failed to 
germinate in both salt- and acid-treated 
soils and germinated poorly in the ester- 
treated flats. 

In plantings 5 and 7 weeks after soil 
treatment, pea, corn, and radish all grew 
satisfactorily with little or no difference 
among treatments, thus indicating that 
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taining the methyl ester of 2,4-D under 
optimum moisture conditions. 

EFFECTS OF TEMPERATURE.—-Differ- 
ences in growth of test seedlings under 
greenhouse and outdoor temperatures 
(table 2) did not result solely from the 
effect of temperature on the activity of 
sodium 2,4-D during the growth period 
or during the pre-planting period. The 


TABLE 1 
GROWTH OF TEST SEEDLINGS UNDER OPTIMUM MOISTURE AND GREENHOUSE TEM- 
PERATURES IN SOIL TREATED WITH 2,4-D MATERIALS 
(++-4, excellent growth; ++, fair growth; +, poor growth; o, no growth) 
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the toxic effect of 2,4-D had been re- 
moved from the soil in some way. 

From these results (table 1) it would 
appear that, under conditions of opti- 
mum moisture and greenhouse tempera- 
ture, all three materials are equally effec- 
tive as weed-seed killers in the soil, while 
the ester has an added advantage in that 
its toxic effects disappear from the soil 
more rapidly; soil treated with it can 
thus be planted sooner after treatment. 
Although no attempt was made to test 
the ester or acid under conditions of soil 
saturation, saturated flats containing so- 
dium 2,4-D showed a more rapid dis- 
appearance of toxicity than flats con- 


authors are of the opinion that the better 
performance of corn in the greenhouse in 
the 2- and 3-week plantings may be the 
result of the more nearly optimum tem- 
perature range for germination of corn in 
the greenhouse. Conversely, the better 
performance of peas and radish under 
outdoor temperatures may reflect better 
growing conditions for these cool-season 
crops. It was also noted that the flats 
outdoors dried less rapidly and were 
probably maintained at a higher moisture 
percentage than those in the greenhouse. 
The residual toxicity, as shown by the 
test species, under both greenhouse and 
outdoor temperatures disappeared in 5 
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weeks for the 16-p.p.m. concentration 
and in 3 weeks for the 2-p.p.m. concen- 
tration of sodium 2,4-D. 

It was thought best to spread the 
planting tests on flats stored at 36° F. 
ando° F. over a longer period, inasmuch 


JORGENSEN & HAMNER—2,4-D IN SOILS 


327 


poorer growth of peas, corn, and radish 
resulted than in flats held at greenhouse 
temperature for 1 week before seeding, 
while flats kept at o° F. for 4 weeks and 
then brought into the greenhouse and 
seeded showed growth of test plants 


TABLE 2 


GROWTH OF TEST SEEDLINGS UNDER OPTIMUM 


TEMPERATURES AFTER SOIL HAD BEEN TRE: 


OPTIMUM MOISTURE AND INDICATED T 
(Symbols as 


TIME 
INTER GREENHOUSE OvurpooRr 
VAL BE TEMPERATURI TEMPERATURI 
TWEEN ‘Toray 80°—105° I 135°-80° I 
TREAT 
TREAT arate 
MENT P.P.M.) 
AND 
PLANI ; 
ING Corn Pea Radish Corn Pea 
WEEKS j 
° ee a eee hoof 
2 Se — 
8 ++ ° ° 
10 + oO oO 
° > ae od 4 
2 +++ 4 + ++ 444 
8 ++ ° ~ ae re 
16 1. 1. 5 O 
° ee: 4 = ++,  +++4 
2 Ae 4 4. 4. + + +++ 
8 4. 4. 4 5 4. 4 + 
16 ae ee ‘ divas 4 
° + 
? 4. 4 +. + + ff. } 
8 Ls 4 + 
i 4 n 
o +4 . .t 4 
2 £ ak es is 
S a oh of } 
1¢ eee } oe 4. 
ro ? 
8 
16 
6 weeks 


+8 weeks 


as in previous experiments a more rapid 
disappearance of toxicity was noted un- 
der higher temperatures. The results ob- 
tained (table 2) confirmed these observa- 
tions, with some exceptions. The rela- 
tively long retention of toxicity from 
sodium 2,4-D in the soil under freezing 
and near-freezing temperature is defi- 
nitely indicated. When treated flats, kept 
at 36° F. for 3 weeks, were brought into 
the greenhouse and immediately seeded, 


MOISTURE AND GKEIFN HOUSE AND OUTDOOR 
ATED WITH SODIUM 2,4-D AND STORED AT 
EMPERATURES FOR VARIOUS INTERVALS 
in table 1) 


STORAGE TEMPERATURE 
a | °° | 
Radish Corr Pe Radish ( n Pea Radish 
1. +. + 
t *) 2) 
4 
° o* 
7 o* 
+ o* o* 
EY beg b+t t t 
fof. -b} ot ++t 
++ft ot ot ° ° 
1 +. + 


to weeks 


similar to that in flats stored for 1 week 
at greenhouse temperatures. Further 
planting tests showed no observable dif- 
ference in the degree of toxicity between 
flats kept for 4 or g weeks at o° F. This 
would indicate a retention of sodium 
2,4-D in the soil for long periods of time 
under subfreezing temperatures. 
Treated flats containing sodium 2,4-D, 
kept at 36° F. for several weeks, showed 
a very slow disappearance of toxicity. 
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Treated flats held for 8 weeks in storage 
at 36° F. and then placed on greenhouse 
benches and planted with peas, corn, and 
radishes showed that toxicity, although 
still present in the soil, was not so great 
as in soil held for 3 weeks at 36° F. This 
was indicated by better growth of the 
corn and radishes in the 8-week flats. 


[MARCH 


mitted satisfactory germination and 
growth of the test plants by the end of 3 
weeks at all pH levels. At 16 p.p.m. the 
toxicity disappeared within 7 weeks. 
MOISTURE VARIATION.—In flats con- 
taining sodium 2,4-D in saturated soil, 
the toxicity to test plants disappeared 
much sooner than in the flats kept at 


TABLE 3 


GROWTH OF TEST SEEDLINGS UNDER OPTIMUM MOISTURE AND GREENHOUSE TEMPERATURES 
IN SOILS OF DIFFERENT PH VALUE TREATED WITH SODIUM 2,4-D AS INDICATED 
(Symbols as in table 1) 


TIME IN | 
TERVAL BE Pu 4.5 Pu 6.0 Pa 7.5 
TWEEN | TRrEA1 
. rr | PPM.) | : z 
pat | Corn Pe Radish Corn Pea Radish Corn Pea | Radish 
o (+++) t+4++{( ++) +4++/ 44+! 4+4+/44++/4++4+)] 44 
I oe aes sae + ++ 2 + aaa 3 + 
| 8 +] ° | fe) +] fo) fe) ++ | fe) 0 
| 16 + o | ° + | ° ° + | ° | ° 
1 (o | +++] tet | ttt | ttt | tet | +4 | ttt | +4 | +44 
3 .| a eee eer pao hie ji eto | cae fasta lectern | ee 
| 8 ott ° oo} +++ | ° Sen aE.S O | 0) 
| OCs ° a Hs as ° ca a ° 5 
| } 
} fo |} +++) ttt) +++) +44) ttt | +44 | +44 | +44 [ +++ 
2 Bee EF PEt bE Ee + OE OP Oe 
8 | +++) ++) +44 ) +44 | +44) +44 ) +44 | +4+4+ | +44 
1 eae RE | Sor |) Sesser ee eee eee) ee 
| | | | 
o | +++ ah | test che tect teste stenosis ceestoohs i ateate ic, nae 
7 Bt satoneadt teed iene hand icoadabecae baod ioc. 
8) ttt) ttt | ttt) ttt | ttt) ttt | +++ | +++ | +++ 
660 pee EE EEE a ae ee) ae | ee 


Peas in the latter planting, however, 
failed to germinate. 

ISFFECTS OF SOIL REACTION.—-Results 
of this experiment were rather striking. 
The reaction of the soil had little influ- 
ence on the loss of toxicity in soil treated 
with sodium 2,4-D (table 3). The minor 
growth differences in the soils at the 
three pH levels indicate that the toxic 
effects of sodium 2,4-D disappear slightly 
faster in near neutral-or alkaline soils. A 
treatment of the soil at 2 p.p.m. per- 


optimum moisture, while in those flats 
stored under air-dry conditions, very 
little toxicity was lost, as indicated by 
the subsequent poor growth of pea and 
radish (table 4). Flats containing sodium 
2,4-D in the soil under air-dry conditions 
showed little loss of toxicity during 8 
weeks. Plantings after 8 weeks of storage 
were as much inhibited as those after 4 
weeks. Germination of test seeds was 
unimpaired in flats which had_ been 
stored for 3 weeks at saturation level, 
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while 5 weeks were required in the op- 
timum-moisture flats to allow complete 
loss of toxicity to all the test species in 
the 8- and 16-p.p.m. flats. In flats con- 
taining 2 p.p.m. of sodium 2,4-D ger- 
mination and growth were satisfactory 
alter 3 weeks of storage under either 
treatment. In figures 1 and 2 the better 
crowth of plants in the soil maintained at 
saturation is shown as compared with the 
soils kept at lower moisture content. The 
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retention of toxicity in the flats stored 
air-dry (fig. 3) is also rather striking, 
since corn was the only test plant able to 
germinate at any concentration of the 
growth-regulator, even after 8 weeks of 
storage. 

WEED GROWTH IN TREATED AND UN- 
TREATED SAND.—-Control flats, during 
the period of the experiment, were ex- 
tremely weedy, with a few species pre- 
dominating. These were pigweed, stink 


TABLE 4 


GROWTH OI 


TEST SEEDLINGS UNDER GREENHOUSE TEMPERATURES IN SOIL TREATED WITH SODIUM 


2,4-D AND SUBJECTED TO DIFFERENT MOISTURE CONDITIONS AS EXPLAINED IN TEXT 
(Symbols as in table 1) 
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l'IGs. 1-3.—Relative growth of corn, peas, and radish in Coloma sand treated with sodium 2,4-D at rates 
of (left to right) o, 2, 8, and 16 p.p.m. Fig. 1, soil saturated at all times; nos. 1, 2, and 3 indicate plantings 1, 
>, and 3 weeks after soil treatment. Fig. 2, soil kept under optimum moisture conditions; nos. 1, 2, 3, and 4 
indicate plantings 1, 2, 3, and 4 weeks after soil treatment. Fig. 3, soil stored air-dry for 2 weeks after treat- 
ment and then watered and planted. 
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grass, ragweed, lamb’s-quarters, plan- 
tain, yellow rocket, and crabgrass. Con- 
siderable red, alsike, and white clover, 
alfalfa, and sweet clover also germinated. 

In the flats treated with 2 p.p.m. of 
sodium 2,4-D, an estimated 2% of weed 
seed germinated and grew; the flats con- 
taining 8 and 16 p.p.m. of sodium 2,4-D 
were entirely weed-free. Among those 
weeds observed to resist the 2-p.p.m. 
treatment were stink grass, red and 
alsike clover, dock, pigweed, lamb’s- 
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tomato transplants are considerably 
more resistant to sodium 2,4-D than are 
the other young weed and crop seedlings 
in the tests. 

Although 8 and 16 p.p.m. of sodium 
2,4-D in soil effectively prevented ger- 
mination and growth of weeds and test 
plants under many conditions, the au- 
thors observed mushrooms growing nor- 
mally in otherwise plant-free flats. These 
were principally the cup (Sarcoscypha) 
and gill-cap (Marasmius) types. 





Fic. 4.—Relative growth of weeds in Coloma sand 4 weeks after soil was treated with sodium 2,4-D at 


rates of (left to right) o, 2, 8, and 16 p.p.m. 


quarters, yellow rocket, campion, and 
plantain. Figure 4 shows the relative 
growth of weeds 4 weeks after soil treat- 
ment in flats left in the greenhouse. Simi- 
lar results of soil treatment were noted 
when flats had been placed under out- 
door temperature conditions. 
MISCELLANEOUS OBSERVATIONS.~~To- 
mato seedlings transplanted 4 weeks af- 
ter soil treatment into flats containing 
sodium 2,4-D at 2, 8, and 16 p.p.m, 
grew normally in flats stored under nor- 
mal greenhouse and outdoor conditions. 
When planted in treated flats which had 
been kept air-dry or at low temperatures 
and then brought to greenhouse condi- 
tions, growth was inhibited or the plants 
showed stem curvature and, in most 
cases, death. It would appear that young 


APPLICATION OF SODIUM 2,4-D TO MUCK 

Trials on muck were conducted in a 
lesser way. Surface muck was collected 
from the Michigan State College muck- 
tria] plots, inoculated with the weed-seed 
mixtures used in the previous experi- 
ment, and treated with sodium 2,4-D at 
a concentration of 8 p.p.m. only. Tem- 
perature and moisture were the only two 
variables tested. In addition to the weed 
seed added, the muck was later found to 
contain many weeds-—-among them crab- 
grass, nut grass (Cyperus esculentus), 
wormseed mustard (Erysimum cheiran- 
thoides), lady’s-thumb (Polygonum persi- 
caria), witchgrass (Panicum capillare), 
sow thistle, rough cinquefoil (Potentilla 
norvegica), and hound’s-tongue (Echium 
vulgare). The flats containing muck were 








332 BOTANICAL GAZETTE 


placed on the benches along with the 
sand flats and given the same general 
treatment. 

Although 2 p.p.m. of sodium 2,4-D 
were very effective in destroying weed 
seeds in Coloma sand, 8 p.p.m. applied 
to muck resulted in little, if any, inhibi- 
tion of weed growth. Furthermore, plant- 
ings of corn, peas, and radish in treated 
muck under all variations of temperature 
and moisture germinated well, and the 
seedlings appeared normal. One excep- 
tion was a slight curvature of corn 
sprouts in flats kept at 36° F. and o° F., 
for 3 and 4 weeks, respectively, and then 
planted. This effect disappeared rapidly, 
and the plants then grew normally. 

The muck controls predominated in 
such weeds as nut grass, wormseed mus- 
tard, sow thistle, lady’s-thumb, crab- 
grass, witchgrass, rough cinquefoil, and 
hound’s-tongue. The treated flats con- 
tained the same quantity and distribu- 
tion of weeds as the controls, attesting to 
the lack of inhibitory effect of the chemi- 
cal. Both controls and treated flats con- 
tained numerous clover plants of several 
kinds. 

It has been reported by Lucas and 
HAMNER (4) that activated charcoal] may 
inactivate 2,4-D. Certain muck soils, un- 
der certain conditions, may also appar- 
ently inactivate sodium 2,4-D. 


Discussion 


Of the three 2,4-D materials tested, no 
great differences in the degree or per- 
sistence of their toxicity could be ob- 
served in soils kept at optimum moisture 
and greenhouse temperatures. The meth- 
yl ester of 2,4-D permitted subsequent 
plantings a little sooner than either the 
acid or the sodium salt. This probably 
resulted from the valatilization of the 
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ester under the high greenhouse tempera- 
tures. Under watering conditions per- 
mitting leaching, the acid and salt would 
no doubt disappear sooner also. The 
three compounds were equally effective 
weed-seed killers at 8 p.p.m. in sand and 
permitted normal subsequent plantings 
within 5 weeks. 

Under all treatments and concentra- 
tions, corn was more able to resist the 
toxic effects of 2,4-D materials than were 
pea or radish. This substantiates pre- 
vious statements that grasses as a group 
are more resistant than dicotyledons, 
both to selective herbicidal 2,4-D sprays 
above ground and to treatments incor- 
porating such chemicals in the soil. The 
rapid germination and sensitivity of 
radish seed would indicate the feasibility 
of using it as an indicator plant under 
greenhouse or outdoor conditions. 

The storage of treated flats at tem- 
peratures of 36° F. and o° F. resulted in 
retention of toxicity of sodium 2,4-D for 
long periods of time as compared with 
flats subjected to normal outdoor and 
greenhouse temperatures during sum- 
mer. 

Toxicity from sodium 2,4-D was dissi- 
pated rapidly under high soil moisture 
conditions and in air temperatures rang- 
ing from. 50° to 80° F. This was prob- 
ably a twofold action. Leaching action 
undoubtedly removed some of the chemi- 
cal (3). Also, under these high moisture 
and temperature conditions, the micro- 
bial population increased rapidly, and it 
is possible that the 2,4-D compounds 
were broken down by soil micro-organ- 
isms. The fact that air-dry flats retained 
their toxicity for a long time would indi- 
cate the need for caution in using these 
materials during periods of drought. 
Should the methy] ester of 2,4-D be used 
under such conditions, it is conceivable 
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that it would volatilize at high tempera- 
tures without effecting a weed-seed kill. 
Indications are that, with any 2,4-D ma- 
terial used, a high moisture content of 
the soil should follow its application, 
either by natural or artificial means, in 
order to permit early use of the soil. 

The results obtained with 8 p.p.m. of 
sodium 2,4-D on muck are somewhat in- 
consistent with earlier findings (2), since, 
in this experiment, weeds were not con- 
trolled. It is generally believed that sub- 
stances adhering to colloidal surfaces are 
unavailable to plants under many condi- 
tions. Also, populations of micro-organ- 
isms are much greater in organic soils, 
and, if these use 2,4-D for food, it would 
naturally disappear more rapidly. Fur- 
ther experimentation may show the cor- 
relation between percentage of organic 
matter and inhibition of weed and crop 
growth in soils treated with 2,4-D ma- 
terials. 

Finally, the experiment would point to 
the following practical applications. (a) 
Soils of a sandy nature can be made 
weed-free for subsequent plantings by 
the addition of low concentrations of 
2,4-D materials under outdoor or green- 
house conditions. (6) Because of the low 
concentrations necessary, the cost of ma- 
terials for gardens and acreages would 
not be prohibitive; 2 p.p.m. would cor- 
respond to 2 pounds per acre to a depth 
of 3 inches. (c) The materials can be 
readily put into solution and evenly dis- 
tributed. 


WwW 
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Summary 


1. In Coloma sand an application of 
2 p.p.m. of the sodium salt of 2,4- 
dichlorophenoxyacetic acid (sodium 2,4- 
D) killed from 95% to 98% of all weed 
seed present in the soil, while 8 or 16 
p-p.m. made the soil virtually weed-free. 
Seeds of weedy grasses were killed in 
sand with concentrations of 8 and 16 
p-p-m. of sodium 2,4-D. 

2. There were no appreciable differ- 
ences in weed-seed kill by the acid, the 
sodium salt, or the methyl ester of 2,4-D 
applied to Coloma sand. 

3. Higher temperatures resulted in 
disappearance of toxicity of sodium 
2,4-D from the soil more rapidly than did 
freezing or subfreezing temperatures, 
while the compound was equally effective 
as a weed-seed killer under all these tem- 
peratures. 

4. Differences in pH value of Coloma 
sand did not appreciably affect the rate 
of loss of toxicity under the conditions of 
the experiment. 

5. In water-saturated flats, sodium 
2,4-D apparently disappeared in 3 weeks, 
while in air-dry flats toxicity was still 
present after 8 weeks. 

6. Eight p.p.m. of sodium 2,4-D were 
ineffective in killing weed seeds in muck. 

7. Corn was more highly resistant to 
2,4-D materials under all conditions than 
either pea or radish. 
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USE OF 2,4-DICHLOROPHENOXYACETIC ACID HERBICIDES 
ON SOME WOODY TROPICAL PLANTS’ 


KENNETH V. THIMANN 


Introduction 


A large number of recent papers have 
described the use of substances of the 
auxin type to kill herbaceous weeds such 
as dandelion, mustard, water hyacinth, 
etc. (1, 3, 4, 7, 9), but few have dealt 
with woody plants. Many important 
weeds are woody perennials. This is par- 
ticularly true of southern and tropical 
climates. The rapid growth rate of plants 
in the tropics makes successful weed con- 
trol of the greatest importance chere 
(10, II). 

In Cuba the most serious weed is 
“Aroma marabu’”’ (Dichrostachys nutans 
Benth.), a woody leguminous perennial 
(introduced from Africa some 70 years 
ago) which grows into almost impene- 
trable thickets about 12 feet high, ex- 
tremely thorny and resistant. When cut 
down, the plants grow vigorously from 
the stumps and soon re-establish them- 
selves; it is common practice to cut the 
plants back to the stumps two or even 
three times a year. The writer has seen 
plots in which the plants have been cut 
back in this way three times a year for 17 
years; they still grow vigorously. The 
root systems are extensive and give rise 
to shoots at considerable distances from 
the parent plant. It was thought worth 
while, therefore, to investigate the sus- 
ceptibility of these plants to 2,4-dichloro- 

1 Publication no. 1, journal series, from the At- 
kins Garden and Research Laboratory of Harvard 
University, Soledad, Cienfuegos, Cuba, at which the 
experiments were carried out. The author’s thanks 
are due to Dr. ARTHUR G. KEvoRKIAN, Director, for 
his helpful co-operation and assistance and for ex- 


amining some of the treated plants after the author’s 
departure. 


phenoxyacetic acid (2,4-D). At the same 
time some observations were made on 
“Guao” (Comocladia dentata Jacq.), a 
member of the Anacardiaceae whose 
leaves cause a skin irritation like that 
caused by poison ivy, and which is also 
difficult to eradicate by cutting. 

It is hard to assess the killing of a 
woody plant. Curling of young tips is, of 
course, only evidence of auxin entry; 
even defoliation is evidence only of 
toxicity and not of death. Failure of new 
buds to develop from the root crown 
within a reasonable period is prima facie 
evidence of death, but even this cannot 
be relied on, particularly in plants with 
great powers of regeneration. What fol- 
lows is, therefore, in the nature of a 
preliminary report. 


Material and methods 


The following points seemed impor- 
tant to investigate: the concentration re- 
quired, the relative effectiveness of dif- 
ferent preparations, the influence of time 
of day, sun and shade, and the possibility 
of large-scale application. 

For the sodium salt of 2,4-D, ‘“2,4- 
Dow,” containing 70% of the acid in salt 
form, was used in aqueous solution; for 
the ester, ““Weedone,” containing 9.6% 
of the acid in ester form, was used.? In 
one instance the free acid (tech. grade) 
was used in aqueous solution with 0.5% 
Carbowax 1500. Spraying was done with 
an ordinary 3-gallon knapsack sprayer 
and later with a 50-gallon track-mounted 

2? The author wishes to thank the Dow Chemica! 


Company and the American Chemical Paint Com- 
pany for generous samples of their products. 
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container and a powerful hydraulic 
pump.° 

The plants, both Aroma and Guao, 
consisted of vigorous 1 year’s growth 
from old stumps; they were 1-2 feet high 
and 2-4 feet in diameter. Although it was 
the dry season (February and March), 
all were growing reasonably well. 

Since it would be unpractical to carry 
out experiments in sequence if one had to 
wait for evidence of killing, some pre- 
liminary criterion of toxicity was neces- 
sary. Leaf discoloration was used for this. 
Since each plant consists of a number of 
long stems, each with up to twenty-five 
leaves, the leaves on each stem were 
checked for (a) clear-cut yellowing and 
(b) obvious death (brown and dry). The 
percentage of leaves in these two condi- 
tions was determined for each stem, and 
then the values for the stems were aver- 
aged to give a final number for the plant 
as a whole. Counts of this sort were made 
at periods up to 3 weeks after spraying. 
Thereafter plants were classified as: (1) 
apparently killed; (2) some green leaves 
but no growing points present, ie., 
doubtful; (3) growing points present or 
probably so; and (4) plants essentially 
intact or evidently alive. With the Guao, 
groups (2) and (3) could be substituted 
by (2) seriously, and (3) slightly dam- 
aged, respectively. 


Experimentation 


AROMA 


INFLUENCE OF CONCENTRATION.—It 
was clear from the literature that the con- 
centrations needed would be above 1 
gm./l. In the first experiments the effec- 
tiveness of a concentration of 2 gm./l. was 
compared with that of 3 gm./]. This was 
done with the sodium salt (2,4-Dow) 

>Contributed by the Compafiia Azucarera de 


Soledad, to whose staff the author’s thanks are due 
for their most helpful co-operation. 
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which, being 70% 2,4-D acid, was used at 
2.8 and 4.3 gm./l., respectively. Two gal- 
lons were used for about 400 square feet. 
Results are given in table 1. The greater 
toxicity of the higher concentration is 
quite clear. 

INFLUENCE OF DOUBLE SPRAYING. 
The same patch was divided in half, and 
5 days after the first spraying one half 
was sprayed a second time, using 1 gallon 
for about 200 sq. ft. Table 1 shows that 


TABLE 1 


INFLUENCE OF CONCENTRATION AND 
NUMBER OF SPRAYINGS 


7 DAYS AFTER I2 DAYS AFTER FIRST 
SPRAYING SPRAYING 
} | opray ed 
| | twice * 
2 gm./1.|3 gm./l. 2 gm./1./3 gm l> gm./1 
% of leaves | | 
yellowed 34 | 65 72 94 | 94 
% of leaves | | 
killed 3 5 32 | 77 | 74 
No. of whole | | 
plants 
counted 25 | 16 7 | 17 9 


| 


* Second spraying 5 days after first 


the second spraying greatly increased the 
effectiveness but that the results were al- 
most exactly the same as with one spray 
at 3 gm./l. A single spraying at 3 gm./1. 
was therefore decided on as the basic 
treatment. 

INFLUENCE OF SUN AND SHADE.—To 
determine whether the rapid discolora- 
tion of leaves was a function of exposure, 
an area of 280 square yards was divided 
into quarters; three of the quadrants 
were in full sun, the fourth was largely 
shaded during the morning. One of the 
sunny quadrants was sprayed on the un- 
derside of the leaves only, by holding the 
nozzle underneath the plant, pointed up- 
ward. The imperfections of such a com- 








330 BOTANICAL GAZETTE 


parison are obvious, but it was felt that 
any really important difference would be 
readily detected. Spraying was done in 
the morning with the sodium salt at 3 
gm. 2,4-D/1.; 8 gallons were used—about 
130 gallons per acre. Table 2 shows that 
the plants in partial shade and those 
sprayed on the underside were slightly 
less affected after 12 days than those 
sprayed on the top in full sun. Although 
the difference is small, it is probably sig- 
nificant and supports the idea that the 
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giving about 89 gallons per acre. The ef- 
fect was much more rapid: 7 days after 
spraying the percentage of leaves dis- 
colored was gg and of leaves obviously 
killed about 77. Later observations are 
discussed below. 

INFLUENCE OF CARBOWAX.—The ear- 
lier experimenters in the United States 
used the free 2,4-D acid and employed 
various preparations to promote its solu- 
tion in water. Of these, Carbowax 1500, 
a polyethylene glycol, was selected, be- 


TABLE 2 


INFLUENCE OF LIGHT AND SHADE 


(3 gm. 2,4-D/1.) 


7 DAYS AFTER SPRAYING | 


Sprayed on top 


Full Shade 
sun (A.M.) 
% of leaves yellowed 63 
o/; of leaves killed. . 5 
No. of whole plants counted 9 


killing of the leaves is at least promoted 
by heat effects. WEAVER and DEROSE 
(12) found that bean plants treated with 
a single drop of 2,4-D solution showed 
more growth inhibition in sun than in 
shade, which in general agrees with this 
conclusion. It should be noted that the 
figures for full sun (table 2, first and 
fourth columns) show very good agree- 
ment with those of table 1, which also 
refer to plants in full sun. 

COMPARISON OF SALT AND ESTER 
PREPARATIONS.—An area comparable 
with the others and of about 150 square 
yards in full sun was sprayed once with 
a 2,4-D ester preparation (Weedone), 
also at a concentratioh of 3 gm. 2,4-D/I. 
Two and three-fourths gallons were used, 





12 DAYS AFTER SPRAYING 


| | 

Sprayed on : Sprayed on 
: Sprayed on top : 
underside underside 


Full Shade 


Sun Sun 
| sun {A.M.) 

68 | 95 92 94 

5 } 86 68 | 69 

7 9 D4 5 


TABLE 3 
INFLUENCE OF CARBOWAX 1500 IN SPRAY 
(3 gm. 2, 4-D/I. as sodium salt) 


7 DAYS AFTER SPRAYING * 


With Carbo- 


wax (0.5%) 


Without 
Carbowax 


% of leaves yellowed 96 65 
% of leaves killed 18 5 
No. of whole plants 

courted. ........ II 16 


* Plants in full sun. 


cause preliminary experiments indicated 
that, although it was not needed when 
the sodium salt is used, it had some value 
as a spreader and perhaps as an adherent 
to the leaves. ENNIs and Boyp (2) found 
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that Carbowax increased the toxicity of 
2,4-D on kidney beans but not on soya. 
Another patch of Aroma comparable 
with the others was therefore sprayed 
with 2,4-Dow (at 3 gm. 2,4-D/l.) con- 
taining 0.5% Carbowax 1500. Results 


TABLE 4 


\PPARENT KILLING OF AROMA AFTER 
1 AND 2 MONTHS 


Two 
Single sprays, 
Plants of tables 1 and 2 spray* 5 days 
(%) apart* 
(°) 
ifler 1 month: 
1. Apparently killed 18 76 
2. Doubtful but no sign of 
growth. .. ; 61 16 
3. Probable new growth from 
base. aa 18 8 
4. Little affected. . 3 ° 
ifter 2 months: 
Total % alive 9 2 


gm. 2,4-D/l. as sodium salt 


(table 3) showed a clear increase of effec- 
tiveness, and this was borne out in later 
stages. 

OBSERVATIONS ON APPARENT KILLING. 

Tables 4 and 5 show the state of the 
plants 3, 4, and 8 weeks after the treat- 
ment. The four classes mentioned in the 
Introduction were used. Class 2, the 
doubtful cases, bears too many green 
leaflets to be considered killed, but most 
of these were evidently dying as shown 
by the small numbers of plants appar- 
ently alive after 2 months. Table 4 shows 
the larger kill resulting from a second 
spraying with 2 gm./l. These data would 
be roughly comparable with the first col- 
umn of table 5 except that the latter 
plants could not be observed after 4 
weeks; between the third and fourth 
week some plants would pass out of the 
doubtful into the killed class. Taking this 
into account, the double spray at 2 gm./l. 
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appears slightly more effective than the 
single one at the higher concentration. 
As between the three lots in cable 5, 
Weedone would appear most effective 
except for the condition of the new 
growth; it is possible that the very rapid 
browning of the leaves and defoliation 
caused by this material leads to less com- 
plete penetration to the basal growing 
points. On balance, the salt plus Car- 
bowax may be considered (by a small 
margin) the best treatment for killing 
these plants. 

To determine how rapidly new shoots 
would be expected from the base if only 
the tops had been killed, some intact 
plants, of the same type as those treated, 
were cut back to the base.4 These showed 
new bud development in 5-7 days and 

TABLE 5 


APPARENT KILLING OF AROMA AFTER 
3 WEEKS AND AFTER 2 MONTHS 


PLANTS OF TABLES 


3 AND 4 


After 3 weeks: 
1. Apparently killed 62 87 04 
2. Doubtful but no 


sign of growth 30 12 2 
3. Probable new 
growth from base 5 17 43 
4. Little affected 3 ° ° 
After 2 months: 
Total % alive 2 I 5 
* 3 gm. 2,4-D/1 
t Weak. t Vigorous 


produced an average of 11.4 new branches 
within 2 weeks; when watered as well, 
the average was 18.2 branches per plant 
in 2 weeks. Failure to produce any new 
shoots in 4 weeks after treatment with 


4 Observations kindly made by Dr. KEVORKIAN. 
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2,4-D is therefore very strong evidence of 
death. 

Trials on a larger scale, using 50 gal- 
lons at a time, have been carried out with 
the same preparations on plants of about 
the same size and also some which had 
not been cut back and were 10-12 feet in 
height. The results were very much as 
above. After 2 months a few plants in the 
large-scale experiments showed sprouting 
from the roots, not at the base but at 
some distance from the treated parts; in 


TABLE 6 


VARIATION OF STOMATAL OPENING IN 
AROMA WITH TIME OF DAY 


PERCENTAGE OF STOMATA 


TOTAL 
T FRAC- 
IME 
: : : TION SL 
; Nearly} Well | Fully 
Closed OPENING 
closed open open 
7:00 A.M.* 20 ° 20 50 0.66 
9:30 | ° 15 14 71 84 
1:15 P.M. ° fe) II 89 .97 
2:45 ‘| 5° ° 10 20 33 
S346 61 28 11 fe) 14 
4:00 38 42 16 4 .24 
6:157 23 31 38 8 0.41 


| 


* Twenty minutes after sunrise; clouds. 
t Sunset 


other words, the material was not well 
transported along the extended and 
woody horizontal roots. This type of new 
growth has not yet been observed on the 
smaller plots described above. _ 
OBSERVATIONS ON STOMATAL OPENING. 
—It was shown in table 2 that plants 
sprayed on the underside of the leaves 
showed no increased susceptibility. Since 
the proportion of stomata on the under- 
sides and upper sides of Aroma leaves is 
about 5:1, this suggests that the stomata 
do not play a major part in penetration 
of the spray. The negative results of 
WEAVER and DEROsE (12), who simi- 
larly found no differenee in the growth 
inhibition (not killing) of nasturtium 
when sprayed on the upper sides and un- 
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dersides, although stomata are limited to 
the underside, agree with this finding. 
Nevertheless, it was thought worth while 
to investigate the stomatal opening of 
Aroma for the following practical reason: 
the stomata may not provide the only 
path, but they must certainly provide 
the most rapid path of entry. If, there- 
fore, the plants are sprayed during stom- 
atal closure and subsequently exposed to 
heavy rain, much of the spray may be 
lost before penetration. Spraying at the 
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Fic. 1.—Stomatal opening of Aroma in Atkins 
Garden on clear days. Solid line indicates “average 
fractional opening” (see text); dotted line gives 
fraction of stomata which were fully closed. March, 
1947. 
time of maximal stomatal opening would 
therefore be the safest procedure. 

The condition of the stomata was ex- 
amined by the peel method (5), using 
plants growing in the open in full sun. 
The leaflets were cut in half, and with 
fine tweezers fragments of the upper and 
lower epidermis were quickly stripped off 
and dropped into absolute alcohol. This 
procedure was used by LorrFiE.p (6), in 
his extensive field studies on this subject, 
with good results. The peels were ex- 
amined later under the microscope and 
assigned to arbitrary classes as to extent 
of opening. Observations were made on 
three successive days, but with the excep- 
tion of the 7:00 A.M. reading, the sky was 
clear throughout and the weather dry. 
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The results (table 6, fig. 1) show that 
the stomata open rapidly after sunrise 
and close sharply in the afternoon, to 
open again, at least partially, in the eve- 
ning. The fractional opening given in the 
last column of table 6 is an approximate 
figure obtained by arbitrarily assigning 
the numerical values of 0, 0.2, 0.7, and 
1.0, respectively, to the stomata in the 
four classes given. Such behavior is simi- 
lar to that recorded for other plants in 
dry weather—Verbena and Fouguieria 
(5), alfalfa (6), and orange (8)—although 
almost every possible pattern of opening 
and closing has been recorded. From the 
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hillside pasture. Three gallons were used 
on about 3000 square feet which was, of 
course, by no means completely covered 
with Guao; this amount sufficed to wet 
all the leaves. 

Table 7 compares the two treatments. 
The classification used differs from that 
for Aroma, but, since these plants are 
more compact and have fewer leaves, it 
was easier to obiain an idea of the extent 
of damage than with Aroma. If we take 
the first two classes together, it is evident 
that the free acid (although its concen- 
tration was 20% lower) is at least twice 
as effective as the salt on these plants. 


TABLE 7 
EFFECT (PERCENTAGE OF PLANTS) OF SINGLE APPLICATION OF 2,4-D AS SALT, 





FREE ACID, OR ESTER ON GUAO 





3 WEEKS 5 WEEKS 8 WEEKS | EsTER 
—s a — — — | a — o_—- - 
Salt Acid | Salt Acid Salt Acid | 1 week 3 weeks 6 weeks 
1. Apparently killed | 2i|@ 15 51 22 | 49 | 42 83 75 
2. Seriously injured or dying....| 15 22 | 16 23 | 24 i | 47 3 2 
3. Somewhat damaged 3 | 6 | 36 21 | 30 18 | It 10 13 
4. Apparently intact 47 39 | 33 5 | 24 7} 2 3 10 


viewpoint of spraying for penetration, 
the results indicate that early morning 
(after dew has dried) would be optimal. 


GUAO 


The problem with Guao is somewhat 
different. The leaves of this plant are 
glabrous and shiny, indicating that pene- 
tration would be difficult. Further, they 
hang almost in a vertical plane, so that 
ordinary sprays run off quickly without 
time to dry on. To overcome the penetra- 
tion difficulty, a spray was made up using 
the free 2,4-D acid with 0.5% Carbowax; 
the maximum that could be put into so- 
lution in this way was 2.3 gm./l. This 
was compared with the sodium salt at 
2.8 gm./l. (i.e., 2,4-Dow 4 gm./l.) in two 
comparable plots, in full sun on a stony 


Since it is inconvenient to make up 
solutions of the free acid in high concen- 
tration, other preparations were used. 
It was found that Weedone (ester form), 
because of its oily nature, adhered to the 
leaves, and, instead of running off, hung 
in a sticky drop at the tip of the leaf. 
Table 7 shows that, as with Aroma, its 
effect is much more rapid than that of the 
salt or acid, the percentage of plants ap- 
parently killed being greater in 1 week 
than with the other treatments in 3 
weeks. The later observations also show 
much greater toxicity of Weedone. After 
6-8 weeks, both above-ground parts and 
roots were soft and apparently rotting in 
the plants of class 1, so that these can be 
considered as killed, in spite of the fact 
that all these plants were propagated 
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from stumps of several years’ growth and 
had heavy and woody stems. 

The apparent slight improvement of 
the plants at the 8-week count is prob- 
ably due to sampling error. Not less than 
250 plants were counted for each deter- 
mination, but the assignment to the four 
classes is obviously open to some varia- 
tion. 

In the absence of a more extensive in- 
vestigation it is clear that this plant can 
be at least partially eradicated by the 
ester type of spray. 

Summary 

1. The herbicidal effectiveness of 2,4- 
dichlorophenoxyacetic acid (2,4-D) has 
been tested on Aroma marabu (Dichro- 
stachys nutans) and Guao (Comocladia 
dentata), two perennial and highly re- 
sistant woody weeds of Cuba. 

2. As judged by criteria based on rapid 
defoliation and on ultimate apparent 
killing, a single spraying with 2,4-D in 
the sodium salt or ester form, at a con- 


centration of 3 gm./]., or two sprayings 5 
days apart at 2 gm./l., were almost com- 
pletely herbicidal on Aroma. 

3. Little, if any, regrowth of basal buds 
took place within 2 months of spraying, 
although controls which were cut back 
regenerated rapidly. There was some evi- 
dence of new growth from horizontal 
roots, however. 

4. Addition of 0.5% Carbowax defi- 
nitely increased the toxicity of aqueous 
2,4-D sprays. 

5. With Guao, ordinary sprays were 
of only moderate effectiveness, but 
Weedone gave at least a 75% kill within 
6 weeks. 

6. Some of the difficulties involved in 
assessing toxicity on woody plants are 
discussed. 

7. The influence of stomatal opening 
and other conditions was briefly investi- 
gated. 
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SEEDLING ANATOMY OF BRACHYPODIUM DISTACHYUM 


NAOMI MULLENDORE 


Introduction 

The anatomy of the grass seedling has 
been studied for more than two centu- 
ries, but there still remain some ques- 
tions concerning the vascular pattern of 
the first few internodes and its relation- 
ship to the developing leaves and stem. 
In some grasses the shortness of the in- 
ternodes, which results in the internodal 
pattern being influenced by that of the 
nodes, and the great number of vascular 
bundles have increased the difficulty of 
understanding the situation. In Brachy- 
podium distachyum (L.) Beauv. all the 
internodes, even the first one, are long, 
the diameter of the stem is small, and the 
vascular bundles are few. These charac- 
teristics are advantageous for study in 
that a simpler vascular pattern results. 
This paper is an attempt to add to the 
clarification of some of the problems of 
anatomy of the grass seedling. 


Material and methods 


Seeds of B. distachyum were obtained 
in 1943 from Dr. PauL WEATHERWAX of 
Indiana University. Dr. WEATHERWAX 
had received seeds some years earlier 
from La Mortola, a botanical garden in 
Ventimiglia, Italy, where the plant grows 
wild as a weed. He planted them in the 
greenhouse at Indiana University, and 
plants have been grown there since that 
time. 

The grains were sterilized in Semesan 
dust, soaked in boiled distilled water a 
day, and then allowed to germinate. 
Some were planted vertically in pots; 
other were arranged in parallel rows in 
sterilized Petri dishes on moistened filter 
paper and allowed to germinate in a ver- 
tical position in diffused light. To secure 


various stages in germination, seedlings 
were removed from time to time and 
killed and preserved in FAA. 

The preserved seedlings were infiltrat- 
ed, using -butyl alcohol, and imbedded 
in a rubber-paraffin-beeswax mixture. 
Transverse and longitudinal sections of 
various stages of development were 
stained in a modified triple or quadruple 
stain. 

Observations 

The embryo consists of a thick, some- 
what flattened, cotyledon, a plumule 
covered by the coleoptile, an epiblast, 
and the hypocotyl and radicle which are 
covered by a sheath, the coleorhiza (figs. 
1, 2). There is no vascular tissue in the 
epiblast or in the coleorhiza. These struc- 
tures are apparently flaplike extensions 
of the cotyledon, forming a sheath 
around the axis and extending downward 
to cover the radicle (figs. 2, 3). In Avena 
the coleorhiza and the epiblast are con- 
sidered to be outgrowths from the coty- 
ledon or axis or both and of little mor- 
phological importance (1, 6) Brachy- 
podium is apparently similar. In develop- 
ment its primary root pushes through the 
coleorhiza which is left as a lobed collar 
at its base (fig. 3). 

The coleoptile arises at some distance 
above the cotyledon but on the same side 
of the axis. The first true leaf arises above 
it on the opposite side. A bud usually oc- 
curs in the axil of the coleoptile (fig. 4). 
AVERY (2, 3) has reported that a bud is 
almost universally present in the axil of 
the coleoptile of oats but is rarely present 
in that of maize. In Brachypodium sever- 
al adventitious roots arise above the di- 
vergence of the coleoptile. 

The vascular tissue to the cotyledon 
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runs upward in the stele of the first inter- 
node to the divergence of the coleoptile 
at the first node above the cotyledon, 
thence downward as a vascular bundle in 
the cortical tissue parallel to the stele, 
and then into the cotyledon and upward 
again (figs. 2, 3, 4, vascular bundle arch). 
Similar development has been reported 
for Avena (3, 4, 6). 

The primary root has a radial stele, 
usually with seven or eight protoxylem 
points (fig. 5). Transition occurs largely 
in the first internode, the so-called meso- 
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cotyl—the internode above the attach- 
ment of the cotyledon—and is somewhat 
difficult to follow in the region near the 
divergence of the coleoptile because of 
adventitious roots and the bud in the 
axil of the coleoptile. All drawings of 
transverse sections have the same scale 
of magnification. 

The vascular tissue in the lower part 
of the transition region is largely in two 
groups, but one is larger (fig. 9). At the 
lower level two xylem strands, which in 
the root were opposite the divergence of 
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cotyledon. Fig. 2, reconstructions of longitudinal sections of embryos. Fig. 3, different views of middle por- 


tion of young seedling. Fig. 4, idealized reconstruction of longitudinal section of seedling. 
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the cotyledon, show a rotation of approx- 
imately go° (fig. 6, a, 6). At a higher level 
further rotation results in a union of 
these two protoxylem points internally 
and in an extension of the two metaxylem 
arms at right angles from this union, the 
U-shaped xylem so formed embracing the 
phloem (figs. 7, 8, px, mx). This vascular 
group becomes one of the three main 
vascular bundles of the upper part of 
this internode (figs. 12, 13, f). 

At the lower level of the first internode 
the other five, or six, protoxylem strands 
from the root also are rotated about 90° 
and, with the metaxylem, are united into 
two groups (fig. 6, x, vy) extending at 
right angles to the cortical cotyledonary 
bundle, which lies in the cortex opposite 
the middle of the cotyledon (figs. 7, 8, 
cot. v.b). 

At a higher level, the protoxylem now 
further rotated, these two groups appar- 
ently fuse internally (figs. 8, 9, x, y). This 
forms the second, Jarger vascular group 
of this internode. The arrangement is 
complicated by the extra protoxylem and 
metaxylem which Jie on each side of this 
group, extending laterally toward the 
other group. 

At the upper end of the internode the 
vascular group on the cotyledonary side 
of the axis is divided, the middle portion 
turning downward and becoming the 
cortical cotyledonary bundle (fig. 10, 
cot. 0.b); the parts on each side immedi- 
ately adjacent to this middle part diverge 
laterally to become the coleoptilar 
bundles. These turn upward, on opposite 
sides of the axis, into the coleoptile (fig. 
11, col. v.b). These bundles may be seen 
in older seedlings made somewhat trans- 
parent by FAA (fig. 3). The coleoptile 
has only these two vascular bundles, 
which lie opposite each other, in lateral 
positions. The lateral portions of the 
main bundle remain as two vascular 
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bundles of the axis (fig. 12, c, d) and con- 
tinue into the next internode. 

At the divergence of the coleoptile 
these two bundles of the axis, plus the 
one bundle opposite the middle of the 
coleoptile, form the three bundles of the 
lower part of the next internode of the 
axis. The extension of the metaxylem in 
this region forms what are practically 
amphivasal bundles. In addition, there 
are small external provascular strands, 
probably the downward extensions from 
leaves above (figs. 12, 13, c, d, f, prv). 

At a higher level the vascular strand 
which was opposite the middle of the 
cotyledon (fig. 13, f) forms one large 
bundle which will diverge as the midrib 
of the next leaf above—the first true 
\eaf—and a small bundle on each side of 
it (fig. 14, g, 4). The other two bundles 
(fig. 13, c,d) form three large bundles and 
two small bundles (fig. 14, ¢, d, e, i, j). 

Two adventitious roots are shown (fig. 
14, k, 1) beginning to develop from the 
axis opposite each other and at right 
angles to the bundles which will be the 
midribs of the first and second leaves 
above the coleoptile. Just above these a 
bud develops in the axil of the coleoptile 
(fig. 15, bud). 

Examinations of a number of seedlings 
were made, and all were found to have a 
similar development. Further develop- 
ment of the upper part of the axis wil] be 
illustrated with an older seedling having 
six leaves. 

In such an older seedling, in the second 
internode, additional vascular bundles 
are found, lying slightly external in the 
stele. Apparently these represent down- 
ward extensions from the leaf above, 
which end blindly in the cortex or join 
up externally with the outer part of the 
vascular ring. 

In the upper part of the internode, 
just below the divergence of the first true 
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leaf, three large bundles, at approximate- 
ly one-third of the circumference apart, 
elongate radially and diverge out of the 
circle (fig. 16, m, m, 0). At the divergence 
of the leaf the radially elongated bundle 
forming the midrib divides, the smaller 
inner portion remaining as one of the 
bundles of the central cylinder. At a 
higher level this branches to form the 
midrib of the second leaf above, i.e., the 
third true leaf. The other two bundles 
which elongate radially and diverge from 
the central cylinder also leave small 
strands in the central cylinder. In the 
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cortical region, in addition to these three 
main bundles of the leaf, there are two 
small provascular strands in each of the 
spaces between them (fig. 16, prv). These 
small bundles are the lower extensions of 
veins from the leaf and are the bundles 
which unite externally with the central 
cylinder at a lower level. 

The leaf has nine vascular bundles at 
its divergence from the axis, but at this 
level very little xylem is differentiated 
in the six smaller ones. The leaf bundles 
have sclerenchymatous caps in addition 
to the bundle sheaths. 





Fics. 13-16.—Transverse sections of stele in second internode of seedlings. Fig. 13, just above divergence 
of coleoptile. Fig. 14, at level of origin of two adventitious roots. Fig. 15, axis and bud in axil of coleoptile. 
Fig. 16, just below divergence of first true leaf (prv, provascular strand; c, d, e, f, g, 4, i,j, vascular bundles of 
axis; k, 1, adventitious roots; m, n, 0, vascular bundles of axis which continue as main vascular bundles of 


first true leaf). 
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Just above the divergence of the first 
true leaf, two adventitious roots arise 
from the axis. The axillary bud arises 
above these roots (fig. 17, bud). 

The vascular bundles to the bud come 
largely from two smaller bundles which 
lie on each side of the bundle forming the 
midrib of the leaf. These bundles branch, 
and divergences from them enter the 
bud. Additional supply comes from lat- 
eral strands of the main bundle lying be- 
tween these smaller ones, the bundle 
whose branch formed the midrib of the 
leaf. There is considerable anastomosis 
at the node, as evident from horizontal 
extensions of vascular tissue in this re- 
gion where adventitious roots and the 
axillary bud are developed. 

In the region where the bud in the axil 
of the first true leaf arises, the bundles 
of the axis show a greater development of 
the bundle sheath and are set apart more 
clearly, having the appearance of true 
stem bundles (fig. 18). 

In this internode just above the di- 
vergence of the bud there are twelve 
main axial bundles, six larger alternating 
with six smaller, and still smaller bundles 
lying somewhat externally to these main 
bundles. These smallest bundles are 
downward extensions from leaves above. 

Below the divergence of the second 
true leaf, five of the main bundles elon- 
gate radially and diverge outward to 
form the five bundles with lignified xylem 
found in that leaf at its divergence. These 
five bundles are the midrib, two large 
laterals, which occupied areas about one- 
third of the circumference of the vascular 
ring, and two new bundles located near 
the margin of the leaf. The latter bundles 
are continuous with small bundles which 
remain on each side of the bundle which 
is to be the midrib of the fourth leaf. In 
addition to the five larger bundles with 
lignified xylem, there are six less differ- 
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entiated ones, making a total of eleven 
in the second leaf at its divergence. All 
these bundles have sclerenchymatous 
caps. 

At a higher level in the leaf the number 
of vascular bundles is increased to thir- 
teen by the appearance of two small ones, 

Above the divergence of the second 
true leaf eight main vascular bundles, 
four larger, are present in the central 
cylinder. In addition, there are horizon- 
tal extensions of provascular strands, 
These apparently are partly related to 
the axillary bud. 

The vascular bundles in the axillary 
bud are very immature and enter the 
central stele by horizontal branches, 
uniting eventually into two horizontal 
strands, one on each side of the vascular 
strand which is to diverge as the midrib 
of the fourth leaf. 

The origin of the third leaf is similar to 
that of the second, but in this younger 
leaf there seems to be no division of the 
radially elongated bundles to leave vas- 
cular strands in the axis, which means 
that the bundles from the leaf above 
have not differentiated this far down. 
The new bundle for the midrib of the 
fifth leaf and the vascular tissue for the 
axillary bud unite with the provascular 
strands lying on each side of, and inward 
from, the bundle which forms the midrib 
of the third leaf. 

At its divergence the third leaf has five 
vascular bundles with lignified xylem and 
nine provascular strands. There is a very 
young bud in the axil of the leaf. The 
fourth leaf is embryonic, but eleven pro- 
vascular strands can be seen at its diver- 
gence. The number of bundles in this leaf 
is increased at a higher level to nineteen. 
In all except five of these, however, the 
conducting tissue is provascular. The ad- 
ditional bundles have developed in the 
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Fics. 17-18.—Transverse sections of stele where axillary bud of first true leaf arises and just above level 
where leaf has diverged from axis. 
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leaf and have not joined with those of the 
axis or with other veins of the leaf. 

In the seedling described six true 
leaves have diverged from the axis. The 
fifth leaf has five provascular strands 
where it diverges from the axis; at a high- 
er level it has seven provascular strands, 
so apparently they differentiate first in 
the leaf. Above the fifth leaf there are 
only three provascular bundles in the 
axis. These diverge into the sixth leaf, 
and the stem tip is meristematic without 
any vascular tissue. 

In the immature region near the stem 
tip the vascular bundle development 
varies somewhat; this may be explained 
by the embryonic condition of the axis 
and the failure of complete extension of 
vascular tissue. In the embryonic region 
the three main leaf bundles diverge with- 
out leaving traces which remain in the 
central axis, as is true in the lower older 
leaves and axis. This would seem to indi- 
cate that the vascular bundles arise in 
the leaves and then extend into the axis. 
This evidence supports the explanation 
by Gr&GOIRE (5) that the procambial 
strand of a leaf trace first appears in the 
base of the leaf primordium and then de- 


velops upward into the leaf and down- 
ward into the stem, where it joins the 
system of bundles coming down from 
other leaves. 


Conclusion 


Evidence from a study of the seedlings 
of Brachypodium distachyum indicates 
that the vascular tissue of the stem is de- 
veloped as a downward extension of vas- 
cular bundles from the leaves. As more 
leaves are developed, the vascular 
bundles of the stem increase in number, 
since these leaf traces may extend 
through several internodes and since the 
succeeding leaves are larger and have 
more vascular bundles. 

A vascular trace to a leaf may be re- 
lated to vascular tissue above by a con- 
vergence of an upper vascular strand 
with the leaf trace to form an axial vas- 
cular bundle at a lower level. 


The author is grateful to Dr. PAuL 
WEATHERWAX for helpful suggestions 
and criticisms concerning the writing of 
this paper. 


FRANKLIN COLLEGE 
FRANKLIN, INDIANA 
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PROTHALLI OF CERATOPTERIS THALICTROIDES 





T. S. MAHABALE 


Introduction 

Ceratopteris is a monotypic genus of 
the family Parkeriaceae, widely distrib- 
uted in the tropics of the Old as well as 
the New World. It is generally believed 
to consist of a single species, Ceratopteris 
thalictroides Brongn. (10), but this view 
is not shared by all authors. BENEDICT 
(3), for example, has split the genus into 
four species, C. thalictroides, C. lockharti, 
C. plerioides, and C. deltoides, basing the 
distinction on the form of the annulus, 
the presence or absence of the lip, and the 
number of the spores per sporangium. 
C. thalictroides occurs as an annual or 
perennial fern in India and Ceylon in an 
amphibious state on the margins of pools 
and river banks and is also seen floating 
in some deep-water reservoirs in Bengal, 
Assam, and other parts of India. 

The prothalli of this fern were studied 
by Kny (18) and by LerrcEB (20) from 
material obtained by germinating the 
spores under laboratory conditions. In 
October, 1938, the writer found some 
prothalli of this plant near a thicket of 
sporophytes on the banks of the Sabar- 
mati River at Ahmedabad, Western 
India. On examination these were found 
to be somewhat different from those de- 
scribed by previous authors, and hence it 
was thought worth while to describe 
them from their natural habitat. 


Observations 


GENERAL STRUCTURE.—The adult 


prothallus measures 5X 4.2 mm. and con- 
sists of two subequal or sometimes un- 
equal lobes with the meristem lying in 
the notch (figs. 1, 2). The formation of 
such unequal lobes is also known in 
Pteris longifolia, P. biaurita (22, 23, 25), 
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Acrostichum aureum, Ceropteris (Pityro- 
gramma) calomelanos (13), Cibotium 
schiedei, and Asplenium caudatum (18). 
In a typical adult prothallus, however, 
the two lobes are more or less equal (fig. 
1). The connection of the primary fila- 
ment could be noticed in some prothalli 
up to an unusually late stage, when they 
had already formed the reproductive or- 
gans. The dorsal surface of the prothallus 
is green, and on its ventral surface there 
is a short cushion, about five cells thick, 
which bears rhizoids at its posterior end 
and the archegonia at the anterior (figs. 
2b, 3). The wings are single-layered and 
bear a large number of antheridia all 
along the margin, including the portions 
near the notch (figs. 1-3). All the pro- 
thalli were bisexual. In spite of a careful 
search no one-lobed prothalli bearing 
only antheridia, like those described by 
Kny (18), were found. There was a 
marked tendency toward dioecism in the 
material studied by Kny which might 
have resulted from the fact that his ma- 
terial was obtained from culture; or it 
may be that the male prothalli are very 
short-lived in their natural habitat. 
REPRODUCTIVE ORGANS.—The form 
and development of the reproductive or- 
gans (figs. 4-13) agree with Kny’s de- 
scription (18). The development of the 
antheridium is of the Aneimia type (figs. 
4-9). Unlike the antheridia of most poly- 
podiaceous ferns, those of Cerato pteris lie 
imbedded in the marginal tissues of the 
prothallus (figs. 1, 3, 9). A vertical sec- 
tion shows seven to eight spermatocytes 
(figs. 7, 8). The antheridium opens by the 
partial disintegration of a cover cell, as in 
Aneimia and some polypodiaceous ferns 
(fig. 9). The archegonium is of the usual 
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leptosporangiate type (figs. 10-13). The 
axial row consists of a three-nucleate 
neck canal cell, one ventral canal cell, 
and the egg. The neck cells are in four 
tiers of about five cells each (fig. 13). 
EmsBryo.— The earlier stages in em- 
bryogeny agree with those in the Poly- 
podiaceae (figs. 14-16). Kny (18) thought 
that both the anterior quadrants par- 
ticipate in'the’formation of the leaf from 





Fic. 1.—Prothallus with young sporophyte. 
x 25. Note antheridia at margin. 


which the stem arises afterward as a lat- 
eral bud. He compared this condition 
with that in the monocotyledons, in 
which also a single cotyledon is formed 
by the anterior quadrants. From this he 
further suggested a polyphyletic origin 
of the angiosperms through other vascu- 
lar cryptogams such as Isoetes. This 
view, however, is no longer tenable. 
Kny (18) also thought that the sec- 
ondary roots arising from the nodes at 
the bases of petioles im the first-formed 
leaves are exogenous in origin. Forp (12), 
who studied the anatomy of the plant, 
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did not give any definite opinion. Re- 
cently Howe (17) studied this point in 
young plants raised from the leaf buds 
and found that the first adventitious root 
at the first node develops from a hypo- 
dermal cell derived from the cell immedi- 
ately below the leaf initial. Later roots on 
a young plant may develop from the cells 
derived from the leaf initial itself and are 
also of hypodermal origin. The secondary 
roots arise from certain enlarged cells of 
the inner cortica] layer of the primary 
root situated near its apical cell. Accord- 





Fic. 2.—Two adult prothalli. X 22. a, dorsal sur- 
face of prothallus. 6, ventral surface, showing 
rhizoids and small cushion. Note unequal lobes. 


ing to Hows, this layer finally occupies 
the position usually taken by the endo- 
dermis. Subsequent behavior of the sec- 
ondary root initial is the same as that of 
the primary root initial. In the embryo 
shown in figure 17, a secondary root (Sr) 
is arising from the primary root (R). The 
leaf at the base of which it appears to 
arise is quite advanced, but, since the 
stem region is not yet well differentiated, 
the endodermis is not well defined. It 
is from such cells, however, which later 
form the endodermis, that the secondary 
root originates; and, therefore, it should 
be considered to be endogenous and not 
exogenous. This was also the view of VAN 
TrecHEM, Dovutiot, and Porrautt (as 
cited by Forp [r2]). 
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MycorruizaA.—The prothallus occa- 
sionally harbors some fungal filaments in 
the cells of the cushion on the lower side. 
A similar fungus was noticed in the pro- 
thalli of this plant by De Bary (9), 
who considered it to be a species of 
Pythium, and also by LEITGEB (21), who 
believed it to be a species of Completoria. 
In the present study, to judge from the 
appearance of the fungus in the host 
cells, it seems to be the latter. A similar 


those of the prothallus and sporophyte 
and occur in other ferns also. The exact 
origin or significance of such “Mittel- 
bildungen”’ are still unknown in most 
cases (McVEIGH [24]). 


Discussion 
The systematic position of the family 
Parkeriaceae to which Ceratopteris be- 
longs is not yet clear. Dries (10) placed 
it immediately after the Polypodiaceae, 





Fics. 3-9.—Antheridia. Fig. 3, vertical section of prothallus showing archegonium on ventral surface and 
antheridium at margin. X65 (approx.). Figs. 4-6, development of antheridium. X 100. Fig. 4, antheridium 
initial. Figs. 5-6, young antheridia. Fig. 7, antheridium with eight spermatocytes. Fig. 8, the same, a more 
advanced stage. Fig. 9, entire antheridium which has discharged its contents. 


fungus was noticed in the prothalli of 
Botrvchium virginianum by CAMPBELL 
(7) and in the prothalli of Ophioglossum 
fbrosum by the author. 
ABNORMALITIES.—In one case stomata 
were seen on the wings of the prothallus 
similar to those described by GOEBEL 
(14) for the prothalli of this species. 
GOEBEL obtained the prothalli by culti- 
vating the leaves of juvenile sporo- 
phytes in moist conditions after decapi- 
tating the apex of the shoot. Similar ex- 
amples of prothallial regeneration in this 
species have been reported by BALLy (1), 
KOEHLER (19), and BEYERLE (4). They 
show characters intermediate between 
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Fics. 10-16.—Figs. 10-12, development of 
archegonium. X1o0o. Fig. 13, mature archegonium. 
X100. Figs. 14-16, successive stages in early em- 
bryogeny. X62. 
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whereas CAMPBELL (7) put it after the 
Cyatheaceae. BowER (6) considered that 
the genus Ceratopteris is more closely re- 
lated to the relatively primitive Gymno- 
grammoid ferns, such as Cryptogramme 
and Onychium, rather than to the ad- 
vanced types like Adiantum and Chei- 
lanthes. CHRISTENSEN (8) supported this 
view and placed it under a separate 
group of Gymnogrammoidae, the Cera- 
topteridae. In view of the lack of any 
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the prothallus is often suppressed. The 
prothalli of the more advanced Gymno- 
grammoid ferns, like Adiantum and 
Cheilanthes, are also not comparable with 
those of Ceratopteris on account of some 
aberrant features noticeable in them (rs, 
16), such as collenchymatous thickenings 
in the region of the cushion—as those in 
Aneimia and Lygodium (2, 15, 27)—or 
the tracheids sometimes found in the pro- 
thalli of some species of Adiantum (22) 





Fics. 17-19.—Three advanced embryos. F, foot; L, leaf; R, root; S,stem; Sr, secondary root; Sri, second- 


ary root initial. X 125. 


general agreement on the question, it 
seems worth while to see what light a 
comparison of the prothalli of Ceratopier- 
is with those of allied genera can throw 
on the subject. 

According to BoWER (6), the Gymno- 
grammoid ferns are related to the Os- 
mundaceae through the Plagiogyriaceae. 
The prothalli of some primitive Gymno- 
grammoid ferns, such as Gymnogramme, 
Anogramme, Hemionitis, and Ceropteris, 
are known. These are essentially of the 
leptosporangiate type. In them the 
archegonia are borne on certain tuberous 
outgrowths, and one of the two lobes of 


The prothalli of the Osmundaceae re- 
semble those of Ceratopteris in having 
marginally or terminally distributed 
antheridia. The prothalli of these forms, 
however, differ from one another in many 
other respects, such as the plane of the 
first wall in the antheridial cell, which is 
flat in Ceratopteris but curved in Os- 
munda; the mode of dehiscence of the 
antheridium, which takes place by the 
overthrow of a special opercular cell in 
Osmunda but not so in Ceratopteris; the 
position of antheridia, imbedded in Cera- 
topteris but not so in Osmunda; etc. The 
sunken condition of the antheridia in 
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Ceralopteris is comparable with that in 
the Marattiaceae, Ophioglossaceae, Ly- 
copodinae, and Equisetaceae; but it 
should be remembered that it is also 
known to occur in some Polypodiaceae, 
such as Dryopteris stipularis (5) and 
Nephrodium molle (11) and in a 
Cyatheaceous fern, Lomaria quadripin- 
nata (26). As a matter of fact, in their 
mode of dehiscence the antheridia of 
Ceratopteris resemble those of Plagio- 
gvria, Aneimia, and Mohria, but the 
prothalli of these genera show consider- 
able difference in their shape—being lop- 
sided in Aneimia and Mohria, on account 
of the lateral meristem, and cordate in 
Ceralopteris and Plagiogyria (15), on ac- 
count of the meristem lying in the notch. 

It thus appears that the prothalli of 
Ceratopteris are not closely comparable 
with those of any allied group, and, 
therefore, no definite conclusions can be 
arrived at from this source. For the pres- 
ent it seems best to adopt Bower’s (6) 
view that the genus Ceratopteris is a rela- 
tive of the Cryptogrammeae adapted to 
aquatic life. 


Summary 


1. The prothalli of the amphibious 
fern Ceratopteris thalictroides Brongn. are 
hermaphroditic and cordate. The antheri- 
dia, of the Aneimia type, are imbedded 
in the tissues of the prothallus and are 
marginally or terminally distributed. 
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The number of spermatocytes in an 
antheridium is small, about eight oc- 
curring in a vertical section. The archego- 
nia are of the Polypodiaceous type and 
the early embryogeny is normal. 

2. The leaf shows a precocious develop- 
ment, and the stem quadrant is rather 
slow in differentiation, probably owing to 
the aquatic habit of the plant. The origin 
of the primary root is normal. The sec- 
ondary roots arise from the endodermal 
cells of the primary root and are there- 
fore endogenous. No hairs of any kind 
are found on the prothallus. 

3. One specimen showed stomata simi- 
lar to those observed by GOEBEL (14). A 
facultative fungus, presumably a species 
of Completoria, was noticed in some 
prothalli. 

4. A comparison is made of the pro- 
thalli of Ceratopteris with those of the 
primitive Gymnogrammoid ferns, but no 
final conclusions on their affinities can be 
drawn for want of adequate data. 


The writer wishes to thank Professor 
P. MAHESHWARI for his kindness in going 
through the manuscript and giving help- 
ful suggestions; Professors J. J. ASANA 
and R. N. Surarta for the use of facili- 
ties with which to work; and Dr. S. P. 
AGHARKAR for providing some literature. 
Roya INstiruTE OF INDIA 

Bomsay, INDIA 
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A COMPARATIVE STUDY OF THE NUMBER AND LENGTH OF 
ROOTS PRODUCED IN NINETEEN ANGIOSPERM SPECIES 


HOWARD J. DITTMER 


Introduction 

Quantitative studies of the total root 
development of a few plants have been 
reported by PAVLYCHENKO (6), D1ITTMER 
(4), and WEAVER and ZINK (8, 9). In 
these studies definite counts were made 
of the roots arising from the base of the 
plants, and in most cases a record was 
kept of al] the roots in the different sub- 
divisions as main, secondary, tertiary, 
etc. 

Investigations of this nature give an 
excellent indication of a plant’s soil- 
binding efficiency (3) and may also be 
used, along with length and diameter 
studies of the root systems, to determine 
the absorptive and conductive capacity 
of plants. KRAMER (5) has pointed out 
the importance of root extension and rate 
of growth in making sufficient water 
available for the plant’s needs without 
depending upon capillary movement. 


Material and methods 

The plants used in this study were 
collected in New Mexico while growing 
naturally on the edges of gardens and 
lawns. Collections were made in July and 
August, when the plants were mature 
and in flower with the exception of U]mus 
pumila, for which the specimens were 4-6 
years old. The reaction of the caliche 
soils in which they were growing varied 
from pH 8.0 to 8.4. Entire root systems 
were collected in so far as possible by 
digging around the plants with a long- 
bladed spade and then carefully remov- 
ing a large cylinder of soil containing the 
roots. With a few of the larger species, as 
U. pumila, the entire root systems were 
not obtained, but a sufficient number of 
plants was taken to insure accurate 
counts and measurements of all parts. 

After a plant was collected, its root 
system was carefully washed to remove 
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soil clinging to the various parts and also 
to free one plant from another. When- 
ever possible, counts and measurements 
were made immediately on the root sys- 
tems. When this was not possible, the 
material was preserved in a weak solution 
of formalin for later study. The method 
used in making the counts and measure- 
ments has been previously reported (2). 
Various categories of roots described 
include main, secondary, tertiary, and 
quaternary. Main roots are those which 
arise directly from the base of the plant. 
This term is used so that it is unnecessary 
to distinguish between primary roots of 
seminal origin and those of adventitious 
origin which arise directly from the base. 
Secondary roots arise directly from main 
roots, tertiary roots from secondaries, 
and quaternary roots from tertiaries. 


Results 


Table 1 presents the total number and 
lengths of roots in each of the various 
categories, giving both the average indi- 
vidual root length and, in parentheses, 
the total length for all roots in each 
category. 

In most cases the type of root system 
was tap. This is shown where the number 
of main roots is listed as 1 in the first 
column. In others, as clover, plantain, 
and the grasses, the root systems were 
fibrous and therefore had more numerous 
main roots. 

The total number of roots in any cate- 
gory is based upon the actual count of all 
roots in that category for at least ten 
plants, and/or upon calculations derived 
by counting the number of branch roots 
in a centimeter of root length and mul- 
tiplying that number by the average 
length of the category from which the 
branch roots arise. 
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Discussion 

Roots are not listed in the quaternary 
division for a number of species, since 
roots of the tertiary category in these 
plants did not give rise to laterals. 
Setaria viridis is the only species ex- 
amined which branched only into the 
secondary order; there were no tertiaries 
on plants of this species. In only one 
plant, U. pumila, were there root 
branches beyond the quaternary divi- 
sion, but these were not included in this 
study. On the 4-6-year-old elm trees ex- 
amined, divisions occurred out to the 
sixth order. 

Degree of branching of roots from one 
category to another may be conditioned 
by the inheritable stability within the 
species, age of the plant, and/or extent 
of root growth as limited by external 
factors. The writer has noted (2, 3, 4) 
that winter rye grown well apart from 
other plants will branch freely into the 
quaternary division but when grown 
normally in the field with other rye 
plants will branch only into the tertiary 
division. Top development is similarly 
affected by competition. 

The number of secondary roots arising 
from main roots is no indication of the 
number of tertiary roots which arise from 
secondaries. The number of laterals aris- 
ing from roots, per centimeter, in one 
category, will be different from the num- 
ber arising from roots of another cate- 
gory on the same plant. On some plants, 
as Salsola pestifer, the number of tertiary 
roots greatly exceeded those of the sec- 
ondary and quaternary divisions. Only 
about one-fifth of the tertiary roots had 
one or more quaternary roots arising 
from them. This was correlated with the 
fact that on S. pestifer the tertiary roots 
averaged only 2 mm. in length and that 
roots of this size rarely show any branch- 








TABLE 1 


NUMBER OF ROOTS AND AVERAGE ROOT LENGTHS FOR VARIOUS SPECIES IN 
DIFFERENT ROOT CATEGORIES 


No 
FAMILY AND SPECIES 
Meas | Second 
ary 
Urticaceae: 
Ulmus pumila L.. 2.2.2... I 55 
Chenopodiaceae: 
Salsola pestifer A. Nels. I 105 
\maranthaceae: 
{maranthus torreyi (Gray) 
Jenth : 1 40 
Caryophyllaceae: 
Cerastium arvense L...... I 14 
Cruciferae: 
Descurainia pinnata (Walt.) 
Britt. : I 10 
Leguminosae: 
Soya max var. Illini , I 51 
Trifolium repens L. 35 980 
Pueraria thunbergiana Benth. I 54 
Parosela dalea (L.) Britt. I 52 
Zy gophyllaceae: 
Tribulus terrestris L........ I 200 
F-uphorbiaceae: 
Euphorbia albomarginata Torr. 
and Gray ......2.. seme c4. 2a 
Convolvulaceae: 
Convolvulus arvensts L. Sete I 28 
Labiatae: 
Nepeta cataria L.......... I 100 
Solanaceae: 
Solanum eleagnifolium Cav.... I 130 
Plantaginaceae: 
Plantago major L............. 26 637 
Compositae: | 
Tagetes patula A. Gray....... Ede 92 
Taraxacum officinale Weber. . . I 180 
Gramineae: 
Setaria viridis (L.) Beauv..... 12 3360 
Cynodon dactylon (L.) Pers... .| 4 per 660 
node 
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, Second Te 
Main sgt | os | Quaternary 
ary | tlary - 
| 
. | 
35 40 8.0 2.0 
(2200)) (8800)! (176,000) 
| 
35 10 0.2 O.1 
(1050) (630) (63) 
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(728)! (280) (25.4) 
7 2.5 | 0.15 
35); (15-7) 
5 13 2.0 0.3 
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11 5 0.5 0.4 
(255)] (376)} (104) 
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(378)) (226.8) 
13 10 1.0 O47 
(520); (1560) (312) 
25 0.8 O52 
100 ) (32) 
| 
11 10 0.7 | 
(220); (154)] 
| | 
14 2 | 0.25] 
(336) (32) 
) 
10 3 | 0.5 | o.1 
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(650)) (325 )) 
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ing. Descurainia pinnata had about three 
quaternary roots arising from each terti- 
ary root, but the length of the latter in 
this species averaged 2 cm. 

In the three species in which tertiary 
roots averaged 1 cm. or more in length, 
the number of quaternary roots equaled 
or exceeded the number of tertiaries. If 
tertiaries averaged shorter than 1 cm., 
their number was always greater than 
the quaternaries. This statement is forti- 
fied by the data on Parosela dalea, in 
which the tertiary roots averaged 1 cm. 
in length, and the number of quater- 
naries was the same as tertiaries. Other 
plants listed in the table bear out this 
conclusion. 

The secondary roots, although not so 
many in total number as tertiaries on 
most plants because of the shortness of 
the main root from which they arose, 
nevertheless were more numerous per 
centimeter of main root length than were 
tertiaries per centimeter of secondary root. 
The number of secondaries per centimeter 
ofmainroot averaged about five; the small- 
est number was one per centimeter in U. 
pumila; the largest was twenty per centi- 
meter in Sefaria viridis. It is interesting 
that the latter species has no tertiary 
roots. There is probably a correlation 
between the facts that secondary roots 
are more numerous’ per centimeter of 
parent root than are tertiaries and that 
the main root is larger in diameter than 
the secondaries. The rule does not neces- 
sarily follow that a root large in diameter 
will have many laterals, but main roots 
are always several to many times larger 
in diameter than secondary roots of the 
same plant and invariably have more 
laterals per centimeter. 
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Figures by DEAN (1) in her study of 
aquatic plants, including Typha latifolia, 
show as many as fifty to sixty laterals 
produced per centimeter of root length 
in aerated clay soils and five to thirty 
per centimeter in unaerated clay. WEAv- 
ER and HIMMEL (7) counted six to twen- 
ty-five laterals per centimeter on the 
main roots of T. latifolia in a similar 
study. The number of laterals reported 
in the present paper follow the minimum 
figures of these other workers. The 
author, however, has investigated plants 
under semiarid conditions; these other 
investigators used aquatic species. 


Summary 


1. Quantitative studies of the roots of 
nineteen species of plants in fourteen dif- 
ferent angiosperm families were made. 
Results indicating the total number of 
roots and root lengths are presented in 
tabular form. 

2. Tertiary roots produced about one 
quaternary root per centimeter of length 
in most of the plants examined; however, 
the number of secondary and tertiary 
roots developing from main and second- 
aries, respectively, varied considerably. 

3. Variation in number of roots and 
root length results from differences in 
size of plant, age, inheritable stability, 
and competition with other plants. Gen- 
erally, plants show a compensating fac- 
tor in root growth; when restricted in one 
category, another root division or two 
will exhibit much greater growth. 
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GYMNODINIUM BREVIS SP. NOV., 


A CAUSE OF DISCOLORED WATER 


AND ANIMAL MORTALITY IN THE GULF OF MEXICO! 


CHARLES C. DAVIS 


GUNTER et al. (2) reported a mass mor- 
tality of marine animals on the lower 
West Coast of Florida which was associ- 
ated with a yellow or yellow-green dis- 
coloration of the water and with the oc- 
currence of large numbers of individuals 
of a species of the genus Gymnodinium. 
In connection with their study of the 
mortality several samples of the plankton 
were taken, and, in addition, preliminary 
study of living specimens of Gymnodini- 
um was attempted under difficult field 
conditions. 

In April, 1947, there were further re- 
ports of fish mortality in the Gulf of 
Mexico off the Florida Keys, and on 
April 12 a field study was made of the 
situation. Again, associated with mor- 
tality, there was a yellowish-green dis- 
coloration of the water and the presence 
of the same species of Gymnodinium. 
Living specimens were more carefully 
studied, some being returned to the 
laboratory alive. New outbursts of mor- 
tality occurred in July from Venice to 


‘Contribution no. 17, University of Miami 
: ¢ 
Marine Laboratory. 


Sarasota. These were also investigated in 
the field. 

This organism was enormously abun- 
dant. Off Key West (near Content Keys) 
fish mortality was occurring in a situa- 
tion in which the count of Gymnodinium 
was 420,000 cells per liter. At one loca- 
tion near Fort Myers, Florida, during the 
January mortality, it was 13,900,000 
cells per liter and was probably even 
higher in other localities at that time. In 
July, off Venice, a sample was obtained 
containing over 60,000,000 cells per liter. 
Furthermore, the mortality of fish and 
other animals occurred sporadically over 
a period of g months from November, 
1946, to July, 1947. This very abundant 
organism appears, however, to be new to 
science. 


Gymnodinium brevis sp. nov. 


Dracnosis.—Cella quadrata, 25.3 ad 
31.6 u longa atque lata, 12.7 w crassa. 
Zona non disposita. Epicono paulo mi- 
nore quam hypocono. Hypocono sulco 
alte denticulato, sulco praeter zonam 
multum extendente. Epicono magnum 
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impendentem apicalem processum ha- 
bente. Cella sine maculis exterioribus. 
Chromatophoros croceo-virides et granu- 
la sine colore habente. 

DescripT1on.—The body of the living 
cells is approximately the same in length 
as in breadth, these dimensions varying 
from 25.3 « to 31.6 uw. The cell, however, 
is very flat, being only 12.7 win thickness 
in those living specimens on which this 
measurement could be made. It is more 
or less square in outline, with the girdle 
placed a little closer to the epicone than 
to the hypocone. There is no displace- 
ment of the girdle. 

The hypocone is very deeply notched 
by the sulcus, which itself is deeply im- 
pressed. The sulcus extends far beyond 
the girdle into the epicone, wherein it 
bends rather sharply to the right to pass 
around a prominent domelike overhang- 
ing process at the apex of the epicone. 
The sulcus ends just short of the epicone 
end of the cell. On the left side of the 
overhanging process, setting it off clearly 
from the rest of the cell, is a deep impres- 
sion. 

The girdle and the sulcus divide the 
body of the cell into quadrants. The two 
quadrants in the epicone are somewhat 
smaller than those in the hypocone. The 
domelike process at the apex forms a fifth 
division, much smaller than the other 
four. There are no markings on the sur- 
face of the body. 

The cells contain several chromato- 
phores, which are yellow-green in color in 
both living and preserved specimens. All 
color is confined to the chromatophores. 
Numerous colorless starchlike bodies 
which, however, do not stain with iodine, 
occur toward the center of the cell. No 


sign of ingested food materials was ob- 
served. 


COMPARISONS.—Because this species 
has a thin periplast without surface 
markings, and contains chromatophores, 
it belongs to the subgenus Gymnodinium. 
It has an overhanging epicone similar to 
that of G. scopulosum as described by 
Koromw and SwWEzy (3) but cannot be 
this species because of its general body 
shape, the presence of chromatophores, 
differing coloration, lack of displacement 





l 2 


Fics. 1-2.—Gymnodinium brevis sp. nov. Fig. 1, 
sulcus view. Fig. 2, apical view of epicone to show 
overhanging process. X970. 


of the girdle, etc. In size, general body 
outline, and presence of yellow chromato- 
phores, G. brevis is similar to G. agile 
Kofoid and Swezy, but the epicone of 
G. agile does not form so large an over- 
hang, its chromatophores are fewer, its 
cell is not so flattened, and its sulcus does 
not extend beyond the girdle. In general 
body form G. brevis is somewhat similar to 
Phyllodinium scutellaris as described by 
ConraD (1), but P. scutellaris does not 
have an overhanging process, and its 
sulcus is on the convex surface of the cell, 
rather than the concave surface. 
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Hormones and Horticulture. By GEORGE S. AVERY, 

Jr., and ELizABeTH B. JOHNSON, with the col- 
laboration of RutH M. Appoms and Betty F. 
Tuomson. New York: McGraw-Hill Book Co., 


1947. Pp. xiit260+51 figs.+ 26 tables. $4.50. 


Within the last 15 years a group of organic com- 
pounds sometimes designated as plant hormones has 
come into wide economic use in the field of agricul- 
ture. One of the substances first used was indole- 
acetic acid. As time has gone along, other chemicals 
have been experimented with and have come into 
use. It is principally these chemicals that the authors 
refer to in the present book. Other investigators 
have preferred the use of other terms for them, such 
as ‘‘auxin,”’ “growth-regulator,” ‘“‘growth-regulating 
substance,” ‘‘growth-promoting compound,” and 
the like. None of these terms, which imply excitation 
of growth, is adequate. Many of the chemicals may 
actually influence growth very slightly, although 
they may profoundly affect certain physiological 
processes both qualitatively and quantitatively, 
either increasing or decreasing their rate. Some of 
these processes have been shown to be the digestion 
of starches, proteins, and other substances, uptake 
or retention of water and minerals, respiration, and 
the more generalized and complex set of phenomena 
referred to as enzymatic activity. 

Thus the term “hormone” when used in the sense 
of ‘‘arousing to activity” is too limited in meaning to 
be wholly appropriate or adequately descriptive for 
these compounds. The word ‘‘ergocrine”’ could be 
used to indicate the fact that to a degree they more 
or less precisely affect or regulate what a thing does, 
for plant responses to them are apparently not hap- 
hazard. It may well be, however, that it would be 
best to await the results from further studies on proc- 
esses and responses of plants to this general class of 
compounds before encumbering literature with addi- 
tional terminology. 

The authors point out some of the many applica- 
tions of ‘‘plant hormones” which have been made in 
the field of horticulture. The uses of these chemicals 
apply with equal force to the whole field of agricul- 
ture in its broadest sense. Still, to say that the use of 
these compounds in the field of agriculture is revolu- 
tionary is somewhat overenthusiastic. Their final 
economic value has by no means been assessed as 
yet. 


’ 


In addition to a brief historical survey, there are 
chapters dealing with the rooting of cuttings, control 
of preharvest drop of fruits, the setting of fruits with 
or without pollination, treating of seeds, weed con- 
trol, prolonging and inducing dormancy, and miscel- 
laneous growth phenomena. There are also chapters 
on the use of certain chemicals not regarded as hor- 
mones by the authors, in thinning of blossoms on 
trees, breaking dormancy, and the production of new 
varieties. 

The illustrations are numerous, clear cut, and 
meaningful. There are a number of tables and lists 
of plants, presenting a wide array of experimental 
data: The data given are probably as critical as many 
of the original, fragmentary reports permit. But 
many such reported results must certainly be re- 
garded as tentative, pending further experiments 
under a greater variety of conditions and environ- 
ments. Even though some of the evidence is frag- 
mentary and conflicting, it is well to have summaries 
presented from time to time. There is no more reason 
to assume that the uses of ‘‘Shormones”’ in agricul- 
tural practice will be wholly standardized and stabi- 
lized in the immediate future than have been the 
uses of mineral and organic fertilizers. Progress is 
being made and should be reported. Eventually 
clearer patterns will emerge. It would have been well 
if greater emphasis had been given the fact that 
great economic losses may result from improper use 
of these chemicals. 

Each chapter has a summation of much of the 
pertinent literature referring to the subject matter it 
treats. There are author and subject indexes. As a 
whole, the book is very valuable in bringing together 
some of the many contributions made in this field to 
date. The enormous rate at which new and addi- 
tional data are now accumulating—scores of articles 
every year—makes it impossible for any book to be 
more than a report of progress. The present book 
reports well.—E. J. Kraus. 


North American Species of Mycena. By ALEXANDER 
H. Smita. Ann Arbor, Mich.: University of 
Michigan Press, 1947. Pp. xviii-+-521+99 pls. 
+56 figs. $6.00. 


Mycena is a genus of small- to medium-sized gill 
fungi characteristic of temperate forested regions, 
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including mountain forests in the tropics. In the 
work here noted 232 species and varieties are de- 
scribed in detail, the great majority illustrated by 
photographs or drawings of microscopic characters 
or both. These are practically all from the United 
States and Canada. In addition, a number of Mexi- 
can and West Indian species originally described by 
MvrRILL have been restudied and redescribed with 
particular attention to microscopic features. Twen- 
ty-eight species and seven varieties are described as 
new, and there are a number of new combinations 
and new names. Names applying to excluded and 
doubtful species are listed and critical notes are pre- 
sented on those of which SmirH has been able to 
examine authentic material. One new combination 
is proposed in Hygro phorus. The halftones are nearly 
all excellent and the text figures clear, although un- 
fortunately magnifications are not stated. 

As the author points out, much remains to be 
learned of the genus as it occurs in North America, 
but the net result of his work is to alter the status of 
Wycena from one of the most difficult and least 
known to one of the best understood of the North 
\merican genera of agarics.—G. W. MARTIN. 


Différenciation des tubes criblés chez les Angios permes: 
Recherches cytologiques. By JANINE SALMON. 1946. 
(Copyright 1947 by J. Salmon. Imprimé Ober- 
thur, Rennes, May 1947.) Pp. 235+122 figs. +19 
pls.+2 photomicrographs. 


This monograph is a Doctor’s dissertation which 
vas commenced under the direction of A. GUILLIER- 
“ond. The author also acknowledges the guidance 
if G. MANGENOT and R. J. GAUTHERET. The topics 
considered are as follows: nuclear degeneration; 
cytoplasmic differentiation at the level of the sieve 
plates: the plasmodesmata; various inclusions of the 
sieve tubes; chondriome and the question of “red 
starch’”’; vacuolar system of the sieve tubes; and gen- 
eral survey of differentiation of sieve tubes and com- 
panion cells, primary and secondary phloem. The 
studies were made on seventy-seven species of sixty- 
seven genera in forty-five families of dicotyledons 
and on seven species of as many genera in three 
families of monocotyledons. Vital staining and vari- 
ous microchemical tests were performed with part 
of the material; the other was processed through 
paraffin. 

The presentation of original data is preceded by 
a chronological review of the literature on the struc- 
ture of the sieve tube. One of the main conclusions 
drawn by Miss SALMON from this review is that cal- 
lose and the slimy accumulations on the sieve plate 
are frequently confused in the literature. This is a 
surprising conclusion, because even the earliest stu- 
dents of the sieve tube had a good understanding of 
the distribution of callose on the sieve plate and 
were able to differentiate between the contents of the 
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sieve tubes and callose (see review by Esav, Bot. 
Rev. 5: 373-432. 1939). In keeping with her miscon- 
ception regarding the treatment of the subject of 
callose in the literature, SALMON failed to indicate 
the substance in certain diagrams (p. 18, fig. 3) 
which are supposed to summarize the various au- 
thors’ interpretation of sieve-plate structure. To 
complete the consideration of her views on callose, 
as expressed in the main part of the paper, it will 
suffice to point out that she did not recognize the 
presence of this substance during the early stages 
of sieve-plate differentiation (p. 189), reported only 
on the definitive callus (p. 85-89), and suggested a 
reversible transformation of the ‘“phospholipoidal 
material” (slime) into callose (p. 194). 

SALMON reports the loss of nucleus in differenti- 
ating sieve tubes in fifty-two species of forty-seven 
genera of dicotyledons and two species in two genera 
of monocotyledons. An attempt is made to distin- 
guish between two types of nuclear disintegration. 
One, called ‘‘pycnotic,” is said to involve an increase 
in density and chromaticity followed by a dispersal 
of the nucleus; the other, the “‘dechromatization,” 
leads to a decrease in density and eventual loss of 
chromatic contents. Often the two types are not 
clearly separated and may be combined in the same 
kind of sieve tube. The various aspects of the disin- 
tegrating nuclei are interpreted as distinct phases, 
are given names, and are illustrated by numerous 
plates of colored drawings. To what extent fixation 
may have influenced the appearance of the disinte- 
grating nuclei is not considered. With the progress of 
the discourse the distinction between pycnosis and 
dechromatization becomes more and more real in the 
author’s treatment. We read eventually that pri- 
mary sieve tubes lose their nuclei by pycnotic de- 
generation, the secondary by dechromatization. To- 
ward the end of the paper the type of nuclear de- 
generation is used as a criterion for the identification 
of primary and secondary sieve tubes. In discussing 
the matter of distinguishing between the two kinds 
of sieve tubes, the author reveals a peculiar miscon- 
ception that “the presence of primary phloem is 
considered to be exceptional in stems of dicotyle- 
dons” (p. 182). However, according to SALMON, 
Bryonia stems have primary sieve tubes, because 
some of these elements show pycnosis of nuclei. We 
are also told that the sieve tubes in seedling hypo- 
cotyl and root of Bryonia, which appear to be pri- 
mary on anatomical grounds, are in reality second- 
ary because they show dechromatization of nuclei 
(pp. 172-175). Her logic is difficult to follow when 
we remember that on page 37 the occurrence of pri- 
mary sieve tubes in Bryonia stems was taken as a 
matter of course and that presumably the identifica- 
tion of these elements was made on anatomical 
grounds before their nuclear behavior was known. 
Despite the detailed study of nuclear degeneration, 
SALMON failed to note the extrusion of nucleoli in 
species showing this phenomenon (Esau, Amer. 
Jour. Bot. 34: 224-233. 1947). 
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The part dealing with plasmodesmata of the 
sieve plates contains even more errors of fact and 
inference than the pages just considered. SALMON 
does not seem to be aware of the problems involved 
in the interpretation of the origin of connecting 
strands in the sieve plates and simply states: ““The 
plasmodesmata begin to form at the time when the 
cellulose wall of the sieve plate is pierced” (p. 56). 
No reference is made to the common idea that 
plasmodesmata may be present in the walls from the 
latter’s inception. Although the wall is “pierced,” 
the plasmodesmata of the two superposed elements 
do not fuse, according to SALMON. A discontinuity 
remains between the plasma membranes of the two 
opposed plasmodesmata. Special terms are used to 
characterize the situation. Following MANGENOT, 
SALMON speaks of a synapsis of membranes, and, 
probably because these membranes readily stain 
with iron hematoxylin, they are referred to as 
siderophilic membranes. Thus:each sieve-plate pore 
is said to contain a couple of siderophilic mem- 
branes. Although the author admits that the dis- 
continuity of the plasmodesmata is not always 
visible, she nevertheless assumes, on scanty evi- 
dence, that bounding membranes are always 
present. 

The plasmodesmata later undergo a modification 
associated with the appearance of the darkly stain- 
ing material on the sieve plate (which is spoken of 
as “slime” in the literature written in English). 
SALMON interprets this material as a plasma mem- 
brane of the sieve-tube protoplast and finds that it 
is proteinaceous and phospholipoidal in nature. At 
first the plasma membrane is thin; later it thickens 
asymmetrically: becomes thicker on the “lower” 
sieve plate. This asymmetry is said to be a reflection 
of the polarity of movement in the sieve tubes. Thus 
the well-known “slime plugs,”’ which appear as arti- 
facts on the sieve plates when the phloem is cut, are 
considered to be normal structures, namely, plasma 
membranes. 

The pulling-away of the sieve-tube protoplast 
from the longitudinal walls, which the author brings 
into relation with the thickening of the “plasma 
membrane,” is described as a normal phenomenon 
also. We are told that, because of this contraction of 
cytoplasm in mature sieve tubes, plasmolytic tests 
are not applicable to them (pp. 199-200). Though 
the sieve-tube slime is interpreted as a plasma mem- 
brane, it is referred to as “accumulations cribrales”’ 
in most of the subsequent discussion. In the part 
dealing with the slime bodies SALMON states that 
these are proteinaceous and phospholipoidal in na- 
ture (‘“‘corpuscules lipido-protéiques”) and that 
their substance becomes incorporated in the ac- 
cumulations on the sieve plates. 

The young sieve tubes have osmiophilic inclu- 
sions, which are interpreted as microsomes. They 
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also take part in the formation of the “accumula- 
tions cribrales.” The sieve-tube plastids are derived 
from mitochondria, and the material that is elabo- 
rated in these plastids and stains red with iodine ig 
described as a juvenile form of true starch, which is 
degraded by amylase but is nonrefringent. The 
early breakdown of the plastids prevents the devel- 
opment of the grains into ordinary starch. In a re 
capitulation, she generalizes that in dicotyledons 
each plastid elaborates several starch grains and, 
in the monocotyledons, starch grains and lipoidal 
granules. By means of neutral red the growth of” 
vacuoles in number and size and their fusion into” 
one vacuole were studied. The lack of accumulation ~ 
of this stain by differentiated sieve tubes is also 
mentioned. 

One more unusual feature is reported by SALMON, ; 
The companion cells of Cucurbita, Bryonia, Urtica,” 
and Robinia are said to differentiate into sieve-tube™ 
elements after the associated sieve tubes had been ~ 
fully formed. The evidence is presented by means of | 
drawings in which the end walls of the companion=)| 
cell series often do not agree with the end walls of | 
the associated sieve-tube elements. This peculiarity) 
is explained as resulting from a displacement of theity 
walls during the subsequent growth of the com: 
panion cells. The fact that ordinarily the companion 
cells of one element do not occur in a continuous filé 
with those of another, superposed element is not con 
sidered. There is also a reference to a progressi 
shift in the relation between the sieve-tube element 
itself and one of its inclusions, if different stem levelg 
are compared. Toward the apex, successively le 
differentiated cells—that is, shorter cells with lesg 
and less distinct sieve plates—show the appearance 
of slime bodies. The fact that at higher levels th 
differentiating sieve tubes could be the first protos 
phloem sieve tubes—and those farther down, th 
corresponding cells of the metaphloem, or eve 
secondary phloem—is ignored. t 

In conclusion it might be proper to list the ob 
servations of SALMON which, in the opinion of th 
reviewer, could be regarded as contributions to ow 
knowledge of the characteristics of sieve tubes. Here, 
one could name, first, the evidence that so many dif- 
ferent dicotyledons and some monocotyledons sho 
the common phenomenon of nuclear disintegration 
in differentiating sieve tubes; second, the record th 
slime bodies have been observed in a wide variety of 
dicotyledonous plants. Perhaps the identification 0 
lipids in the sieve-tube slime may be mentioned alse 
if the accuracy in the execution of the microchemi 
tests can be relied upon. All the other conclusion 
are inadequately supported by evidence, and som 
directly contradict the well-known facts of plan 
structure and differentiation KATHERINE ESAU; 
College of Agriculture, University of Californi 
Davis, California. 
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